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ABSTRACT 
 
Amphipods are the most ubiquitous animals, after nematodes, on earth. Although 
there are several terrestrial amphipod species, most are aquatic. They are 
familiar animals in the water table exposed in cave environments and boreholes. 
 
The food source on which the amphipods depend was not directly observable in 
the cave environments frequented by the amphipods. In order to establish the 
role cave-dwelling amphipods play in ecology, the primary purpose of this study 
was thus to determine what cave-dwelling amphipods feed on. 
 
Amphipod, water and sediment samples were collected from five different caves, 
in the northern part of South Africa, namely Koelenhof Cave, Sterkfontein Cave, 
Ficus Cave, Peppercorn’s Cave, and Irene Cave. Following collection and 
transportation, resulting in zero amphipod mortalities, all of the samples were 
transferred to rectangular fish tanks stored in an environmental room, set up in 
such a way as to mimic the conditions in the caves as closely as possible. Long 
term adaptability and survival proved to be a successful undertaking, resulting in 
the death of only two amphipods per tank. 
 
Scanning electron microscopy was used to observe the mouthparts of the 
amphipods in order to begin establishing their feeding behaviour. 
 
Standard microtechniques were carried out to establish the general histological 
orientation and histology of the gastrointestinal tract. A Histochemical 
Fluorescent staining method was employed, and a reddish-orange fluorescence 
was observed, thereby indicating the presence of mucous in the GIT. 
 
Several feeding experiments were carried out, and it was established that on 
average amphipods can survive without a food source for a maximum of sixty  
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days. Through a series of different feeding experiments, it was determined that 
amphipods ingest bat faeces, leaf litter, sediment and yeast, with leaf litter  
producing the highest rate of survival. It was also observed that amphipods, 
regardless of body size, are predators, scavengers, and cannibals, which may 
provide an explanation as to why amphipods display evasive behaviour. 
 
Microbiology plays a vital role in determining what amphipods feed on, and 
therefore water, soil, and digestive contents of amphipods were studied using a 
wide array of microbiological analyses: Heterotrophic Plate Counts; Total 
Coliforms; Faecal Coliforms; Faecal Streptococci; Confirmatory test for 
Escherichia coli; Detection of Clostridium, Pseudomonas, and Salmonella. 
According to the South African Bureau of Standards, the quality of the water 
contained within all four of the caves in this study may not be used for human 
consumption prior to undergoing various purification processes. 
 
Once the role that cave-dwelling amphipods play in ecology has been firmly 
established it may then be possible to make use of amphipods as biological 
indicators, because since they inhabit cave streams and groundwater and are 
sensitive to pollutants, declines in their populations could indicate a decline in the 
water quality in their streams and surrounding groundwater supply. 
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OPSOMMING 
 
Amfipode is benewens die nematode die mees wydverspreide diere op aarde. 
Alhoewel daar verskeie terrestriële amfipood spesies voorkom, is meeste 
spesies akwaties. Hulle kom algemeen in die grondwater voor en word dikwels in 
grotte en boorgate opgemerk. 
 
Die voedselbron waarop die amfipode voed is nie direk waarneembaar in die 
grotomgewing waarin hulle voorkom nie. Die hoofdoel van hierdie studie was om 
vas te stel wat die voedselbron van grotamfipode is sodat hulle ekologiese rol 
vasgestel kan word. 
 
Water- en sedimentmonsters en amfipode was by Koelenhofgrot, 
Sterkfonteingrot, Ficusgrot, Peppercorn se Grot en Irene Grot in die noordelike 
deel van Suid-Afrika versamel. Geen amfipode het tydens versameling en 
vervoer gesterf nie. Die amfipode, water- en sedimentmonsters was na vistenks 
oorgeplaas. Die vistenks is in ‘n omgewingskamer ingerig waarin toestande so 
na as moontlik aan die grotomgewing nageboots is. Die aanpasbaarheid en 
oorlewingsvermoë van die amfipode het hulle in staat gestel om die verandering 
in omgewing te oorleef en slegs twee amfipode per tenk het gesterf. 
 
Skandeermikroskoop-studies was op die mondele uitgevoer om die eetgedrag 
van amfipode te bepaal. Standaard mikrotegnieke was uitgevoer om die 
algemene oriëntasie en histologie van die spysverteringsstelsel te bepaal. ‘n 
Histochemiese Fluoressensie kleurmetode was gebruik wat ‘n rooi-oranje 
fluoressensie getoon het, wat die teenwoordigheid van mukus in die 
spysverteringsstelsel aangedui het. 
 
Verskeie voedingseksperimente was uitgevoer en dit was bepaal dat amfipode 
vir tot 60 dae sonder kos kan oorleef. D.m.v ‘n reeks verskillende 
voedingseksperimente was daar vasgestel dat amfipode op vlêrmuismis, 
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blaarkompos, sediment en gis kan oorleef. Die amfipode wat blaarkompos 
gevoer was, het die langste oorleef. Dit was ook vasgestel dat amfipode, ongeag 
hulle liggaamsgrootte as predators, aasdiere en kannibale kan optree, wat 
verklaar hoekom amfipode ontwykingsgedrag toon. 
 
Mikrobiologie het ‘n belangrike rol gespeel om te bepaal waarop amfipode voed 
en dus was ‘n verskeidenheid mikrobiologiese analyses van die grotwater en –
sediment waarin die amfipode voorkom en derminhoud van amfipode gedoen. 
Hierdie analises het Heterotrofiese Plaattellings, Totale Koliform, Fekale Koliform 
en Fekale Streptococci toetse ingesluit. Bevestigingstoetse vir die 
teenwoordigheid van Escherichia coli, Clostridium, Pseudomonas en Salmonella 
was uitgevoer. Volgens die riglyne van die Suid-Afrikaanse Buro vir Standaarde 
is die water in al die grotte wat bestudeer was ongeskik vir menslike gebruik 
alvorens dit verskeie suiweringsprosesse ondergaan het. 
 
Wanneer die ekologiese rol en fisiologiese parameters van grot-bewonende 
amfipode vasgestel is sal dit moontlik wees om amfipode as bioindikators te 
gebruik aangesien amfipode sensitief vir besoedeling in grotte en grondwater sal 
wees. ‘n Afname in amfipoodgetalle mag op ‘n afname in die kwaliteit van die 
water in die habitatte wat hulle bewoon dui. 
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CHAPTER 1 
GENERAL INTRODUCTION 
 
1.1 INTRODUCTION 
 
Amphipods are peracarid crustaceans, typically ranging in size from 2 to 50mm, 
although some may be larger (Holsinger, 2000). Amphipods resemble isopods in 
that the members lack a carapace; have sessile compound eyes, and one pair of 
maxillipeds (Hickman, et al. 1997). They are common in aquatic ecosystems 
throughout many parts of the world, inhabiting marine, brackish, and freshwater 
environments. A few species also live in terrestrial habitats (Holsinger, 2004). 
 
Amphipods, after nematodes, are the most ubiquitous animals on earth. The 
amphipods that occur in southern Africa are all endemic to this region. The 
presence of amphipods in caves is not unusual since amphipods have a wide 
distribution in fresh water systems, both in groundwater and surface water in 
South Africa (Durand and Peinke, 2006). Specialized troglodytic amphipods are 
found in many caves in South Africa. As yet, very little is known about how they 
are linked to the food web. 
 
Photosynthesis is the process by which plants, some bacteria, and some 
protistans use the energy from sunlight to produce sugar, which cellular 
respiration converts into ATP, the “fuel” used by all organisms (Farabee, 2001). 
Cave-dwelling amphipods are not directly connected to the process of 
photosynthesis and this then poses the question of how cave-dwelling 
amphipods obtain the energy necessary for their survival? It has been suggested 
that since amphipods are largely scavengers, their existence may depend on 
other organisms that bring nutrients into the cave and are linked either directly or 
indirectly to photosynthesis. 
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In Matlapitse Cave, located 46km west of Trichardtsdal in Mapumalanga it was 
observed in December 1985 that the cave was inhabited by several kinds of bats 
and some of the lower level pools contained decomposing guano. However, the 
amphipods tended to be more abundant in pools with lesser amounts of guano 
(Holsinger, 1992). 
 
It seems as if amphipods feed on a wide variety of food (Pennak 1978). These 
amphipods include a few species that are filter feeders, at least in part (Smith, 
2001). Dissection of the gut from the Illinois cave amphipod and examination of 
the contents revealed a mixture of brown, somewhat gelatinous material 
(possibly a combination of clay particles and mucous?) (Lewis, 2001). 
 
Densities of cave invertebrates have been found to be correlated with fungal 
populations suggesting fungi as a possible food source. Gammarus 
pseudolimnaeus exhibited greater weight gain when offered leaves with fungal 
colonies present than on leaves with only bacteria, or autoclaved leaves 
(Bärlocher and Kendrick, 1973b). 
 
Microbial enriched detritus is an important food source for many stream 
invertebrates. Highest survivorship was recorded on fungus enriched leaves; 
intermediate rates were obtained for leaves with a viable bacterial flora and 
leaves on which the microflora had been killed. Low survival rates were recorded 
on sterile leaves and leaves with reduced microflora (Kostalos and Seymour, 
1976). 
 
Information obtained from laboratory rearing experiments have shown that many 
invertebrate species as well as some fish, are capable of subsisting on bacterial 
diets for long periods of time (Kostalos and Seymour, 1976). The cave 
environment varies as one moves farther away from the surface. Within caves a 
diverse biota may be found, exhibiting varying degrees of adaptation to the 
subterranean environment (Taylor, 2006). 
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Cave and karst systems are important for three major reasons. First, the 
overwhelming majority of freshwater resources are groundwater. Second, caves 
are storehouses of information on natural resources and evolution. Thirdly, caves 
often house a number of unique species with a high degree of endemicity. 
 
Use of caves by humans can have significant detrimental effects on caves. 
Biological resources that are threatened include but are not limited to several 
species of endangered bats, ferns, and lichens. Especially vulnerable are cave-
adapted invertebrates. So little is known about many of these species that 
evaluation of population stability, adversities from current and past human 
activities, and probabilities for species survival cannot be assessed without 
further inventories and monitoring (U.S. National Park Service, 2002). 
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1.2 MOTIVATION AND PROBLEM STATEMENT 
 
Although most people will never see a cave-dwelling amphipod they are 
ecologically important. Cave amphipods are part of the natural system that 
supports all life, and could be used as indicators of the quality of the environment 
around them. Since they inhabit cave streams and groundwater and are sensitive 
to pollutants, declines in their populations could indicate a decline in the water 
quality in their streams and groundwater supply. 
 
The Illinois cave amphipod, a small, cave-dwelling crustacean, has been 
proposed by the U.S.A. Fish and Wildlife Service as an endangered species, 
initiating a review process that will help the Service determine whether the 
amphipod should come under protection of their Endangered Species Act. The 
species is already listed by the State of Illinois as a state endangered species. 
Species listed as endangered under the Endangered Species Act are considered 
likely to become extinct in the foreseeable future (Bade, 1997). 
 
Like ice ages and meteorite impacts before him, humankind has ushered in a 
great epoch of extinction, wiping out and threatening uncounted species of plants 
and animals. For all its obscurity, the cave-dwelling amphipod offers an important 
case study for an argument scientists have been making for decades: If people 
are doing something so disruptive to the environment that it threatens to make a 
species extinct, it is probably disadvantageous for people too (Kendall, 2004). 
 
The U.S.A. Fish and Wildlife service Regional Director W. Hartwig stated that: 
“The Illinois cave amphipod, although a tiny little-known creature, is an indicator 
of how healthy the water is in the cave systems it inhabits. That is important 
because the water in those caves comes from groundwater from the surrounding 
countryside. When we see a species like the cave amphipod begin to decline, 
folks should begin to wonder about the quality of the water they use themselves” 
(Bade, 1997). 
CHAPTER 1 
 
 
 
5
 
Water from the surrounding area finds its way into groundwater which feeds cave 
streams where the amphipod and other cave-dwelling species are found. 
Groundwater quality can be affected by use of pesticides and fertilizers on 
surrounding lands, accidental or intentional dumping of toxic substances in 
sinkholes, and sewage contamination from septic systems, sewage disposal 
systems, or land application of waste (Bade, 1997 and Durand, 2006). 
 
With respect to South African karst systems very little is known or understood 
about the ecological constituents and the interaction and interdependence 
between its biotic and abiotic components, as well as the physiological 
parameters necessary for their survival. The existence of a few of the more 
noticeable cave organisms has been acknowledged, but very little is known or 
documented about the systematics, distribution and behaviour of the majority of 
the rest of the cave organisms (Durand and Peinke, 2006). 
 
Caves are dark and humid environments with no available light for plants to 
photosynthesize, and therefore plants cannot grow within cave environments. 
Cave-dwelling amphipods are not directly connected to the process of 
photosynthesis but still they continue to survive within the cave environment. It 
has been suggested that since amphipods are largely scavengers, their 
existence may revolve around other organisms which bring food into the cave 
(i.e. the possibility that they feed on bat faeces or on the bacteria or fungi that 
feed on the bat faeces). 
 
In order to establish the role cave-dwelling amphipods play in ecology, it is 
essential to study their feeding habits. The food source on which amphipods 
depend was not directly observable in the environments frequented by the 
amphipods. The primary purpose of this study is to determine what cave-dwelling 
amphipods feed on in order to obtain energy for their continued survival. 
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1.3 AIMS OF THE STUDY 
 
Field studies 
Aim 1:  To establish the general cave ecology in Gauteng and the Limpopo 
Province. 
 
Aquarium – Laboratory studies 
Aim 2:  To establish the long term adaptability and survival of cave-dwelling 
amphipods from Gauteng and the Limpopo Province under 
environmental room conditions. 
 
Scanning Electron Microscopy 
Aim 3:   To observe the mouthparts of the amphipods. 
 
Histology and Histochemistry 
Aim 4.1:  To establish the general morphology and orientation of the 
gastrointestinal tract of the amphipods. 
 
Aim 4.2:  To determine the basic histochemical constituents of the gut 
contents of the amphipods. 
 
Feeding behaviour of cave-dwelling amphipods 
Aim 5.1:  To determine how long amphipods will be able to survive without 
food. 
 
Aim 5.2:  To determine if bat faeces, leaf litter, sediment, and yeast 
(increased both numerically and exponentially) can serve as a 
viable food source for the amphipods. 
 
Aim 5.3:  To determine if amphipods can be sustained on 0.04g of bat 
faeces, 0.04g of leaf litter, 0.04g of sediment, and 0.04g of yeast for 
a period of 36 days. 
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Aim 5.4.1:  To determine if amphipods ingest bat faeces, leaf litter, sediment, 
and yeast, by establishing the mass of the amphipods after gut 
clearing and again 24 hours after the addition of the various 
substances to the experimental bottles. 
 
Aim 5.4.2:  To determine if amphipods ingest bat faeces, leaf litter, sediment, 
and yeast, by establishing the mass of the amphipods after gut 
clearing and again 48 hours after the addition of the various 
substances to the experimental bottles. 
 
Aim 5.4.3:  To determine if amphipods ingest bat faeces, leaf litter, sediment, 
and yeast, by establishing the mass of the amphipods after gut 
clearing and again 72 hours after the addition of the various 
substances to the experimental bottles. 
 
Aim 5.5:  To determine if amphipods ingest bat faeces, leaf litter, sediment, 
and yeast, by sacrificing the amphipods and extracting the gut 
contents. 
 
Aim 5.6:  To determine if amphipods exhibit predatory behaviour, and will 
perhaps feed on each other. 
 
Microbiology 
Aim 6:  To establish the presence and type of microorganisms within the 
gastrointestinal tract of the amphipods, as well as within the water 
and sediment from the amphipod’s surrounding cave environment.
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CHAPTER 2 
LITERATURE REVIEW 
 
CAVE AND KARST SYSTEMS 
 
Karst is a special type of landscape that is formed by the dissolution of soluble 
rocks, including limestone and dolomite. Karst regions contain aquifers that are 
capable of providing large supplies of water. Common geological characteristics 
of karst regions that influence human use of its land and water resources include 
ground subsidence, sinkhole collapse, groundwater contamination, and 
unpredictable water supply. 
 
Caves and karst areas contain organisms in a very specialized habitat. Some 
organisms live only in caves, where they can be located and characterized. Other 
species live in the small cracks and crevices that exist between the cave 
passages, inaccessible to researchers. Understanding the rarity of the organisms 
and the fragility of their habitats requires that we learn about karst species, their 
ecosystems, and their sensitivity to environmental contamination. 
 
The cave environment changes progressively as one moves farther away from 
the surface. The entrance zone is similar to the environment above ground, 
varying greatly in temperature and humidity. This zone receives ample sunlight. 
In the twilight zone, a little farther into the cave, available light is greatly reduced, 
and thus plants are no longer able to grow. The entrance and twilight zones are 
sometimes referred to collectively as the threshold zone. Still farther into the cave 
we enter the middle zone, where complete darkness is encountered, but 
temperature and humidity may vary. In the larger caves, there is one final zone, 
the dark zone. This part of the cave is characterized by constant temperatures, 
humidity and an absence of light. 
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Within caves a diverse biota may be found, exhibiting varying degrees of 
troglomorphism to the subterranean environment. Accidental species, which fall, 
wander, or are washed into caves, do not linger long in this environment. These 
animals either return to the surface, or die in the caves – where they provide an 
important source of nutrients for the cave community. Trogloxenes occur 
commonly in caves, but must leave the cave at some point in their life cycle, 
typically for feeding. Troglophiles are animals that live in caves temporarily or 
opportunistically, usually only for shelter, such as bats and humans. These 
species normally find food and water outside the cave environment. Species 
which occur in caves and complete their entire life cycle there are obligate cave 
dwellers, adapted so completely to caves that they are restricted to this 
environment. Many aquatic organisms live under similar light-deprived 
circumstances as troglobites and have undergone similar troglomorphic 
adaptations (Taylor, 2006). 
 
Surface and groundwater flow systems may rapidly recharge the aquifer, and 
groundwater may return to surface streams at springs miles from the sink points 
(Karst Waters Institute, 2006). Water that moves from the surface into the 
groundwater system is called groundwater recharge (Aley, 2000). Karst aquifers 
can provide tremendous quantities of fresh water, but the water is not uniformly 
distributed through the aquifer. Much groundwater movement is through caves 
and conduits below the ground, and flow rates can be as rapid as hundreds of 
feet per hour. 
 
When groundwater is contained in karst areas, successful cleanup is very 
difficult. Because large openings in the subsurface – like cave and conduits – are 
often part of a karst aquifer, groundwater can travel long distances very rapidly 
with being filtered through soil or rock. Contaminants can remain in the water 
supply at distant locations. Volatile compounds can collect in underground 
streams and migrate upward into homes and schools (Karst Waters Institute, 
2006). 
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Two major reasons why karst and cave systems are important: Firstly - the 
majority of the freshwater resources is groundwater. About 25% of the 
groundwater is located in cave and karst regions. The protection and 
management of these vital water resources are critical to public health and to 
sustainable economic development. Secondly - caves are storehouses of 
information on natural resources and evolution. Therefore, many avenues of 
research can be pursued in caves. Recent studies indicated that caves contain 
valuable data that are relevant to global climate change, waste disposal, 
groundwater supply and contamination, petroleum recovery, and biomedical 
investigations. Caves also contain data that are pertinent to anthropological, 
archaeological, geological and paleontological discoveries and resources. 
 
Utilization of caves by humans can have major disadvantageous effects on 
caves. There are a number of biological resources that are threatened, and 
include, amongst others, several species of endangered bats, ferns, and lichens. 
Little is known about many of these species that evaluation of population stability, 
adversities from current and past human activities, and probabilities for species 
survival cannot be assessed without further inventories and monitoring (U.S. 
National Park Service, 2002). 
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AMPHIPOD BIOLOGY 
 
Amphipods are peracarid crustaceans classified under the Phylum Arthropoda, 
Subphylum Crustacea, Class Malacostraca, and Order Amphipoda. The 
Crustacea are named after the hard shell that most crustaceans bear. They fill a 
wide variety of ecological roles and show enormous variation in morphological 
characteristics, making a satisfactory description of the group as a whole very 
difficult. 
 
Amphipods resemble isopods in that the members lack a carapace; have sessile 
compound eyes; and only one pair of maxillipeds. However, they are usually 
compressed laterally (Hickman, et al. 2006; Pennak, 1978), and their gills are in 
the typical thoracic position. 
 
The mouthparts are relatively small, compactly arranged, and hidden by the 
basal segments of the appendages of the first thoracic segment. They include an 
upper lip; a pair of tearing and cutting mandibles; a pair of laminar and spinous 
first maxillae; a pair of small, flexible second maxillae; a lower lip; and a pair of 
maxillipeds. The maxillipeds are homologues of the first maxillipeds of decapods; 
each consists of a small inner plate, a small outer plate, and a long palp (Pennak, 
1978). 
 
There are many marine amphipods, including benthic, planctonic, and beach-
dwelling forms; numerous freshwater genera; and a few parasites. Development 
is direct and without a true metamorphosis (Hickman, et al. 2006). 
 
Like the Decapoda, the Amphipoda are chiefly marine. World wide there are 
about 800 freshwater species. They inhabit a wide variety of lakes, rivers, 
streams, springs, seeps, ponds, brooks and subterranean waters (Bade, et al. 
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2002; Pennak, 1978). Freshwater members of the genus Gammarus are most 
commonly found in cooler temperate-zone waters (Bade, et al. 2002). 
Colloquially amphipods are known as “freshwater shrimp” but, of course, they are 
only distantly related to (marine) shrimp (Pennak, 1978). 
 
Amphipods exhibit direct development, with young similar in appearance to the 
adults. Adults continue to molt up to twenty times (Bade, et al. 2002). The interval 
between molts ranges from a minimum of three to a maximum of forty days, 
depending on food conditions, temperature, and the species. Most species 
complete the life cycle in a year or less (Pennak, 1978). 
 
Examination of census data demonstrates populations that are skewed toward 
smaller size cohorts. This is usually indicative of species that reproduce 
frequently or in relatively large numbers and exhibit low survival to reproductive 
size and short lifespan. It was determined that the life expectancy of adult 
Gammarus troglophilus males was 158 days, and 142 days for females, with the 
total life expectancy of an individual to be 52 weeks. These values however are 
based on laboratory reared specimens, which may not be representative of 
normal life expectancy for this species (Bade, et al. 2002). It was reported, by 
Wilhelm and Schindler (2000) that alpine populations of Gammarus lacustris can 
take three years to reach sexual maturity, but only one year at lower elevations. 
According to Poulson and White (1969) late maturity and longer lifespans are 
common adaptations of subterranean species. 
 
The organisms inhabiting the subterranean environment (i.e. hypogean 
organisms) display a series of biological characteristics linked to the physical 
constraints of the environment. These specific characteristics, collectively known 
as troglomorphism, may be morphological (general lack of pigmentation, eye 
regression or anopthalmy, compensated by hypertrophy of other sensory organs, 
and convergence of body shape), physiological (slower metabolism, increased 
longevity) and ethological (lower activity, stereotropism, thigmotropism, special  
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etho-physiological strategies). Between the typical epigean and hypogean 
animals, there is a whole range of species in which the hypogean state is more 
or less complete. This led some authors to define special terms according to the 
degree of connection with the under ground environment (Dole-Olivier, et al. 
1993). 
 
In general, subterranean animals are characterized by a reduction in pigment 
and eyes, with other sensory structures being more highly developed (Bade, et 
al. 2002). Cave populations of Gammarus minus exhibited smaller eyes, longer 
antennae, and larger bodies. The food source consists of bits of dead vegetation 
washed into the caves and thin bacterial scum covering the submerged surfaces 
(Culver, et al. 1994). 
 
Groundwater amphipods, like other subterranean animals generally have 
reduced metabolic rates relative to their epigean relatives even when differences 
in food availability are taken into account (Barr, 1968; Ercolini, et al. 1987). This 
may not be the case, however, in subterranean systems with high availability of 
nutrients (Hoffman and Parsons, 1991). 
 
During the daytime amphipods are in vegetation or hidden under and between 
debris and stones. They usually congregate in the corners of culture jars in the 
laboratory. The true burrowing habit has not evolved in freshwater species 
(Pennak, 1978). 
The Illinois cave amphipod lives in the “dark zone” of cave streams. Like other 
amphipods, this species needs cold water and does not tolerate a wide range in 
water temperatures. They are sensitive to touch and avoid light. Because of its 
sensitivity to contamination, the Illinois cave amphipod is an excellent indicator of 
the water quality of the cave systems it inhabits and the groundwater from the 
surrounding area (U.S. Fish and Wildlife Service, 1998). 
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AMPHIPOD FEEDING 
 
In studies on amphipods abroad, it was found that they are voracious feeders, 
with all kinds of animal and plant matter being consumed. Only rarely do they 
attack and feed on living animals, but freshly killed animals are consumed 
readily. Species occurring in aquatic vegetation may often be seen browsing on 
the film of microscopic plants, animals, and organic debris covering leaves, 
stems, and other substrates (Pennak, 1978). Like the decapods, then, scuds are 
omnivorous, general scavengers (Pennak, 1953 and 1978). 
 
The food mass is held by the gnathopods and anterior pereiopods and chewed 
directly without being first torn into smaller pieces (Pennak, 1978). A few species, 
however, are filter feeders, at least in part (Smith, 2001). More recently, it was 
recognized that amphipods may sometimes filter fine particulate matter from 
water and can be predators on other taxa (MacNeil, et al. 1997). 
 
Densities of cave invertebrates have been found to be correlated with fungal 
populations suggesting fungi as an important food source. G. pseudolimnaeus 
exhibited greater weight gain when offered leaves with fungal colonies present 
than on leaves with only bacteria or autoclaved leaves (Bärlocher and Kendrick, 
1973b). 
 
Dissection of the gut from the Illinois cave amphipod and examination of the 
contents under low power magnification revealed an amorphous mass, light  
brown in colour. Placement of this material on a glass slide and examination with 
a compound microscope under high power revealed a mixture of brown, 
somewhat gelatinous material (perhaps a mixture of clay particles plus mucous?) 
(Lewis, 2001). 
 
Detritivorous freshwater crustaceans exploit the same food source as most 
terrestrial detritivores – namely allochthonous food sources consisting primarily  
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of the shed leaves of deciduous trees that fall into the woodland creeks and 
ponds (Wetzel, 1995). Thus they face similar nutritional constraints by feeding on 
a food source that is poor in nutrients but rich in deterrent and recalcitrant 
compounds, such as phenolics and cellulose. 
 
According to Zimmer and Bartholmé (2003) no one has attempted to prove the 
presence of bacterial symbionts in freshwater crustaceans that might contribute 
to digestive processes, and very little is known in general about the ability of 
these organisms to digest leaf litter (characterized by a low nutrient content and a 
high content of deterrent and recalcitrant compounds such as phenolics and 
cellulose). Bacterial endosymbionts are present in the midgut glands of Asellus 
aquaticus, whereas the hepatopancreas of Gammarus pulex was devoid of such 
bacteria. Phenol oxidase and cellulose activity were detected in hepatopancreatic 
extracts from both detritivores, which suggests that both of these enzymes are 
produced in the midgut glands of both species. 
 
In Matlapitse Cave, located 46km west of Trichardtsdal in Mapumalanga it was 
observed in December 1985 that the cave was inhabited by several kinds of bats 
and some of the lower level pools contained decomposing guano. However, the 
amphipods tended to be more abundant in pools with lesser quantities of guano 
(Holsinger, 1992). 
 
Microbial enriched detritus is an important food source for many stream 
invertebrates. Results of laboratory feeding experiments showed significant 
differences in survivorship of Gammarus minus. Ten different diet combinations 
over a ten week period were employed. Highest survivorship was recorded on 
fungus enriched leaves; intermediate rates were obtained for leaves with a viable 
bacterial flora and leaves on which the microflora had been killed. Low survival 
rates were recorded on sterile leaves and leaves with reduced microflora. The 
results of food preference studies showed that leaves having a viable fungus 
flora were most preferred while sterile leaves were least preferred. Overall, 
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Gammarus showed a preference for those diets affording the best survivorship in 
the feeding experiments. Evidence indicates that the nutrition of Gammarus 
minus is based on detritus and the associated fungi. 
 
The most obvious point to be made from the foregoing studies is that the 
foliicolous mycoflora constitutes an important nutritive element in the food supply 
of Gammarus minus. This conclusion is based largely on the fact that the 
presence or absence of elm leaves did not affect survivorship, while the 
presence of a microbial flora, especially the fungi, was critical. Leaves appeared 
to be important primarily as a substrate for the microbial communities. This 
hypothesis is further strengthened by the evidence from the preference studies in 
which the amphipods showed a definite preference for fungus-enriched leaves. 
While not conclusive, it appears as though the mycoflora is a major factor 
underlying the food habits of Gammarus minus (Kostalos and Seymour, 1976). 
Recent work by Bärlocher and Kendrick (1973a, b, 1975) indicates that fungi are 
an important food item in the diet of Gammarus pseudolimnaeus Bousfield, but 
that different species of aquatic fungi vary considerably in their ability to serve as 
the sole source of food. 
 
Information obtained from laboratory rearing experiments have shown that many 
invertebrate species as well as some fish, are capable of subsisting on bacterial 
diets for long periods of time (Kostalos and Seymour, 1976). According to 
Durand (2004) this may also be the case in South African cave-dwelling 
amphipods, since they have been found in boreholes deep underground without 
any obvious external food source. 
 
The surface environment of karst areas is also an integral part of the habitat 
needed by the animals inhabiting the underground areas. Because plants cannot 
grow in the darkness of caves, the cave ecosystem is entirely dependent on input 
from the outside. Food in a cave can come either through animals that cave 
biologists call trogloxenes or troglophiles, which roost in the cave but forage for  
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food on the outside, like bats, mice, or cave crickets, or through organic material 
like leaves being washed into the cave entrance or filtered in through the ground 
above the cave. Mammal faeces provide a medium for the growth of fungi and, 
subsequently, localized population blooms of several species of tiny, hopping 
insects. 
 
Cave invertebrates typically also have very low metabolisms, and adaptation to 
the sparse amounts of food found in their environment. Some biologists have 
hypothesized that the stereotypical troglomorphic characteristics of cave-dwelling 
species, such as the lack of pigment (white color) and reduced or absent eyes 
(blind), have evolved as a measure to conserve energy and channel their limited 
resources to more useful features like antennae and chemical and touch 
receptors, which are typically highly developed in cave species (The Edwards 
aquifer website, 2006). 
 
Body size differences can impact the strength and type of interaction among and 
within species. The study carried out by Armsby and Tisch (2006) examined the 
effect of body size differences on intraguild predation (IGP) and cannibalism in 
regulating the relative abundance of two species of temperate marine amphipods 
throughout a season. Intraguild predation was asymmetrical, with primarily Jassa 
marmorata preying on Apocorophium acutum (with little predation by A. acutum 
on J. marmorata). Intraguild predation increased significantly as body size 
difference increased. Cannibalism in J. marmorata was only significant among 
individuals of different body sizes. 
 
Digestive enzyme activities of three talitrid amphipods were examined to 
investigate the relationship between their digestive capabilities and diet. 
Cellobiase, α- and β-glucosidase and lipase, laminarinase, xylanase, and 
carboxymethyl-cellulase were detected in all three species suggesting talitrid 
amphipods can readily digest dietary carbohydrate, lipid, and complex 
polysaccharides. Relatively high activity of laminarinase and lipase was detected 
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in Talorchestia marmorata, a kelp feeder which is coherent with the digestion of 
lipidoesters and β-glycans. Talorchestia sp., a low shore intertidal feeder, had 
high enzymatic activity of α- and β-glucosidase, cellobiase and xylanase which is 
consistent with the digestion of diatoms. Keratroides vulgaris, a forest litter feeder 
had a relatively low specific activity of all enzymes. It is possible that leaf litter is 
partially digested prior to ingestion by bacteria and fungi present on the rotting 
vegetation, with bacterial and fungal enzymes contributing to this species’ ability 
to hydrolyse its diet. This study confirms the relationship between dietary 
preference and digestive enzyme complement (Johnston, et al. 2004). 
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THREATS TO AMPHIPODS 
 
The species survival is threatened by factors affecting shallow karst groundwater. 
These include agricultural and residential pesticides and fertilizers; human and 
animal wastes from residential sewage disposal systems and livestock; 
sedimentation from agricultural and residential runoff; oil well production; surface 
runoff from roads, storm sewers, and increased surface paving due to urban 
development; sinkhole dumping of solid waste; and disruption of groundwater 
flow paths from quarry operations. Excessive visitation to caves and over-
collecting for scientific purposes may also threaten the species (Bade, et al. 
2002; Durand, 2006; U.S. Fish and Wildlife Service, 1998). 
 
Since amphipods are adapted to an environment with little food, pollution by the 
addition of large amounts of nutrients to the cave can actually be harmful to the 
species, because it allows invertebrates that are not cave adapted, such as 
cockroaches and a variety of flies to survive in the cave and even out-compete 
cave species. The healthy cave ecosystem lies in a delicate balance between too 
little food and too much (The Edwards aquifer website, 2006). 
 
Water from the surrounding area finds its way into groundwater which feeds cave 
streams where the amphipod and other cave-dwelling species are found. 
Groundwater quality can be affected by use of pesticides and fertilizers on 
surrounding lands, accidental or intentional dumping of toxic substances in 
sinkholes, and sewage contamination from septic systems, sewage disposal 
systems, or land application of waste (Bade, 1997; Durand 2006). 
 
Bacterial contamination: 
Research in the Illinois area has shown that the springs, caves, and surface 
water of the Illinois Sinkhole Plain contain relatively high levels of bacteria. 
Faecal bacteria present in these waters are typical of bacterial populations 
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normally present in soils and surface waters, and of bacteria that probably 
originated from native wildlife wastes, livestock wastes, and possibly effluent 
from private septic systems. Total aerobic (TA), Total coliform (TC), faecal 
coliform (FC), and faecal Streptococcus bacteria were isolated from all water 
samples from springs and caves. 
 
Bacteria in high levels can directly impact organisms through infections, or can 
indirectly affect cave dwellers like the Illinois cave amphipod by depleting the 
dissolved oxygen in the water column either directly or indirectly as it 
decomposes on the streambed. 
 
A threat to the amphipods of Monröe and St. Clair counties is the rapid increase 
in residential development (Bade, et al. 2002). There is concern that this situation 
may lead to increase in raw sewage input into cave streams, which typically 
results in degradation of natural cave communities and replacement of troglobitic 
species by more opportunistic troglophiles (Webb, et al. 1998). In a study of 
groundwater contamination in the karst terrain of Monröe County, it was found 
that in nine springs and one cave stream (Illinois Caverns) all water samples 
collected contained coliform, faecal coliform, total aerobic bacteria, and other 
types of bacteria. The species present suggested that the bacteria were from 
both human and livestock sources. All of their water samples from the nine 
springs and the one cave stream exceeded the drinking water standard of less 
than one colony of coliform and faecal coliform bacteria per 100mℓ of water. They 
document a rapid increase in coliform bacteria from 1987-1995 in Monröe County 
well water samples, and attribute this to the increase in residential development 
in the country (Panno, et al. 1996). 
 
Human visitation to caves: 
There are a variety of consequences of human visitation including alteration of 
the physical structure of the cave, alteration of water chemistry, alteration of air 
movements, and microclimates, introduction of artificial light, compaction or 
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liquification of substrate, erosion or disturbance of sediments, destruction of 
fauna, or introduction of alien fauna or materials. These can be exacerbated by 
increases in numbers of visitors and frequency of visitation (Bade, et al. 2002; 
Durand, 2006; U.S. Fish and Wildlife Service, 1998). 
 
Human use of caves inhabited by the amphipod could also be a factor affecting 
its survival. People moving through the caves in which public use is permitted 
can potentially introduce toxic materials, injure or kill amphipods, or disturb 
habitat (Durand, 2006; U.S. Fish and Wildlife Service, 1998). 
 
The caves that are currently known to contain populations of G. acherondytes 
have little or no recreational cave visitation. Visitation has not been demonstrated 
to be a hazard to amphipod populations. However, the threats of cave visitation 
to G. acherondytes include: Direct take from crushing or collecting by cave 
visitors; nutrient enrichment from waste left by cave visitors; degraded water 
quality from potentially toxic or hazardous material, such as spent batteries or 
calcium carbide, abandoned in the cave; habitat structure degradation. It is vital 
to minimize cave visitation to ensure that unnecessary stresses are not made on 
the G acherondytes populations. Little quantitative data exists on cave visitation 
except to Illinois Caverns. Visitation should be monitored so that it may be 
correlated, along with other relevant data, with population trends (Bade, et al. 
2002). 
 
Subterranean ecosystems harbor globally rare fauna and important water 
resources, but ecological processes are poorly understood and are threatened by 
anthropogenic stresses. Ecosystem analyses were conducted from 1997 to 2000 
in Cave Springs Cave, Arkansas, situated in a region of intensive land use, to 
determine the degree of habitat degradation and viability of endangered fauna. 
Ozark cave fish (Amblyopsis rosae) primarily consumed cave isopods 
(Caecidotea ladactyla). Cave isopods appeared to consume benthic matter 
originating from a complex mixture of soil, leaf litter, and anthropogenic wastes. 
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Septic leachate, sewage sludge, and cow manure were suspected to augment 
the food web and were implicated in environmental degradation. Water, 
sediment, and animal tissue analyses detected excess nutrients, faecal bacteria, 
and toxic concentrations of metals. Community assemblage may have been 
altered: sensitive species, such as grotto salamanders (Typhlotriton spelaeus) 
and stygobro-mid amphipods were not detected, while more resilient isopods 
flourished. Reduction of septic and agricultural waste inputs may be necessary to 
restore ecosystem dynamics in this cave ecosystem to its former undisturbed 
condition (Graening and Brown, 2003). 
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CHAPTER 3 
MATERIALS AND METHODS 
 
3.1 FIELD STUDIES 
 
Cave dwelling amphipods were collected from five different caves in Southern 
Africa. Koelenhof Cave (located on a privately owned farm) and Sterkfontein 
Cave are situated in the Kromdraai Conservancy, within the Cradle of 
Humankind World Heritage Site (COHWHS). Ficus Cave and Peppercorn’s Cave 
are situated between Polokwane and Makopane, and Irene Cave is situated in 
Irene south of Pretoria. 
 
At each of the caves, in addition to sample collection, various observations were 
also made. These observations included: the temperature within the caves, the 
temperature, pH values, and clarity of the groundwater, and the types of 
sediment within the various caves. The presence of bats and bat faeces; the 
presence of invertebrate and vertebrate (other then bats) life within the various 
caves; the presence and amount of living plants, or plant debris washed down 
into the caves; the presence of organic material, fish and other organisms within 
the groundwater; daily or weekly guided tours into the five caves; possible mining 
activities inside the caves or within close vicinity to the caves were also recorded. 
 
By making use of a small green fish tank net (Figure 3.1), the amphipods were 
collected from the groundwater at a depth of no more then a half a meter and 
placed into 250mℓ plastic collection bottles (Figure 3.1) filled with groundwater. 
The bottle lids were screwed onto the bottles to prevent excess leakage of cave 
water and potential loss of amphipod samples. Additional groundwater samples 
and cave sediment samples were also collected from each cave in 25ℓ plastic 
containers. The sample bottles containing the amphipods, water and sediment 
samples were transported from the underground lakes to the cave entrances in a 
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backpack. At the cave entrance, the bottles were transferred from the backpack 
into a large, rectangular shaped cooler box, devoid of ice packs, which was then 
transported to the University environmental room. The purpose of the cooler box 
was to maintain the temperature of the cave water samples during transportation 
from the caves to the University environmental room, and thereby reducing a 
large number of amphipod fatalities due to an increase in temperature of the 
cave water samples. Five 40ℓ, rectangular fish tanks were used to house the 
various amphipod, water and sediment samples collected from the five different 
caves. The tanks were labeled accordingly and stored in an environmental room. 
For optimal results the conditions within the caves were mimicked as closely as 
possible within the environmental room. Cave-dwelling amphipods lack 
pigmentation and have adapted to survival in complete darkness, at 
temperatures ranging from 16°C to 20°C. Therefore the environmental room was 
kept in complete darkness, and the temperature within the room was maintained 
at a constant 18°C. 
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Figure 3.1: Amphipods were collected from the underground lakes within the 
caves by means of a small green fish tank net. They were then carefully 
transferred into the 250mℓ sample collection bottles for transportation back to the 
environmental room. 
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3.2 ENVIRONMENTAL ROOM STUDIES 
 
Approximately 45 amphipods, sediment, and 25ℓ of cave water was collected 
from each of the five different caves. The sample bottles containing the 
amphipods, water and sediment samples were transported from the underground 
lakes within the caves to the University environmental room in a large, 
rectangular cooler box devoid of ice packs. Five 40ℓ, rectangular fish tanks 
(Figure 3.2) were used to house the various amphipod, water and sediment 
samples collected from the five different caves. The tanks were labeled 
accordingly and stored in an environmental room. Since water evaporates, the 
volume within the five tanks was maintained at 25ℓ per fish tank using reverse 
osmosis water. For optimal results the conditions within the caves were mimicked 
as closely as possible within the environmental room. Cave-dwelling amphipods 
lack pigmentation and have adapted to survival in complete darkness, at 
temperatures ranging from 16°C to 20°C. Therefore the environmental room was 
kept in complete darkness, and the temperature within the room was maintained 
at a constant 18°C. 
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Figure 3.2: Five 40ℓ, rectangular fish tanks were used to house the various 
amphipod, water and sediment samples collected from the five different caves. 
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3.3 STUDIES OF THE MOUTHPARTS OF SOUTH AFRICAN CAVE-
DWELLING AMPHIPODS 
 
The selected amphipods were fixated in AFA (Alcohol Formalin Acetic acid) for 
two and a half hours, and then washed for five hours using gently running tap 
water. The amphipod samples were protected from being washed down the drain 
by placing the samples into a small glass sample bottle, and covering the 
opening of the bottle with a square piece of stocking tied to the bottle with an 
elastic band. 
 
On completion of the washing phase, the amphipod samples were dehydrated 
using the standard dehydration process. Dehydration of samples involved placing 
the samples into increasing concentrations of alcohol: 30% for half an hour, 50% 
for half an hour, 70% for 24 hours (this is a storage phase where amphipod 
samples can remain until needed at a later stage), 80% for one hour, 90% for 
one hour, 96% for one hour, and 100% for thirty minutes. Following dehydration, 
the samples were placed into the critical point dryer for 24 hours. 
 
An individual amphipod sample was carefully mounted, with its ventral side 
facing upwards, onto a small metal stub using double sided tape, and then 
coated with gold. The gold coating process took approximately 10 minutes. The 
metal stub was placed into the Scanning Electron Microscope and the technique 
of Scanning Electron Microscopy was then employed. 
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3.4  HISTOLOGY OF THE GASTROINTESTINAL TRACT (GIT), AND 
THE USE OF HISTOCHEMISTRY IN DETERMINING THE GUT 
CONTENTS OF AMPHIPODS 
 
3.4.1  General morphology and orientation of the GIT was established using 
histology 
 
Microtechnique 
The selected amphipods were fixated in AFA (Alcohol, Formalin, Acetic acid) for 
two and a half hours, and then washed for five hours using gently running tap 
water. The amphipod samples were protected from being washed down the drain 
by placing the samples into a small, glass sample bottle, and covering the 
opening of the bottle with a square piece of stocking tied to the bottle with an 
elastic band. 
 
On completion of the washing phase, the amphipod samples were dehydrated 
using the standard dehydration process. Dehydration of samples involved placing 
the samples into increasing concentrations of alcohol: 30% for half an hour, 50% 
for half an hour, 70% for 24 hours (this is a storage phase where amphipod 
samples can remain until needed at a later stage), 80% for one hour, 90% for 
one hour, 96% for one hour, and 100% for thirty minutes. In order to ensure that 
the amphipod samples were effectively dehydrated, the samples were then 
placed into xylene for 20 minutes. 
 
The standard wax embedding technique was utilized and the amphipod samples 
were individually embedded in Paramat wax for longitudinal and transverse 
sectioning respectively. The wax samples were sectioned with a wax microtome 
set at 7µm (Figure 3.3), and the tissue sections were mounted onto microscope 
slides using albumin. 
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Figure 3.3: Wax microtome (set at 7µm) used for sectioning samples embedded 
in wax. 
 
 
General staining techniques used for Histological orientation 
The microscope slides were oven dried for 24 hours and then hydrated using the 
standard hydration process. Two staining methods were utilized according to 
Humason (1979) quoting Lillie (1951): 
1. The AZAN (Azocarmine – Aniline blue) staining technique – the slides 
remained in Azocarmine for three minutes, and Aniline blue and orange for seven 
minutes. 
2. PAS (Periodic Acid Schiff), Hematoxylin and Fast Green staining technique – 
the slides were placed into Periodic acid for five minutes, then into Schiff’s 
reagent for one hour, into Hematoxylin for 30 seconds, and then simply dipped in 
Fast Green. Following the standard dehydration process, the slides were 
mounted using Entellan. 
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3.4.2  The use of histochemistry in determining the constituents of the GIT 
contents 
 
Microtechnique 
The selected amphipods were fixated in AFA (alcohol, formalin, acetic acid) for 
two and a half hours, and then washed for five hours using gently running tap 
water. The amphipod samples were protected from being washed down the drain 
by placing the samples into a small, glass sample bottle, and covering the 
opening of the bottle with a square piece of stocking tied to the bottle with an 
elastic band. 
 
On completion of the washing phase, the amphipod samples were dehydrated 
using the standard dehydration process. Dehydration of samples involved placing 
the samples into increasing concentrations of alcohol: 30% for half an hour, 50% 
for half an hour, 70% for 24 hours (this is a storage phase where amphipod 
samples can remain until needed at a later stage), 80% for one hour, 90% for 
one hour, 96% for one hour, and 100% for thirty minutes. In order to ensure that 
the amphipod samples were effectively dehydrated, the samples were then 
placed into xylene for 20 minutes. 
 
The standard wax embedding technique was utilized and the amphipod samples 
were individually embedded in Paramat wax for transverse sectioning. The 
gastrointestinal tract of two amphipod samples were divided into five arbitrary 
regions and sectioned with a wax microtome (Figure 3.3) set at 7µm. The tissue 
sections from each region were then mounted onto microscope slides using 
albumin. Tracheal sections were used as controls. 
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Histochemical techniques 
In order to achieve optimum results, AFA was chosen as the preferred fixative. 
Therefore, two AFA fixated amphipod samples were used. Samples were 
sectioned with a wax microtome set at 7µm. The gastrointestinal tract was 
divided into five arbitrary regions, and the tissue sections from each region were 
mounted onto microscope slides (six slides per region). 
The following techniques were applied: 
Slide 1 -  PAS staining technique, Aqueous [according to Humason (1979) 
quoting Lillie (1951)] 
  PAS – Periodic acid (five minutes), Schiff’s reagent (one hour) 
  Hematoxylin – thirty seconds 
  Fast Green – dipped 
 
Slide 2 - Mucin: Fluorescent Method [according to Humason (1979) quoting  
Hicks and Matthaei (1958)] 
 Iron alum – 10 minutes 
 Acridine orange – one and a half minutes 
 
Slide 3 -  Mucin: Fluorescent Method [according to Humason (1979) quoting  
Hicks and Matthaei (1958)] 
 Iron alum – 10 minutes 
 Acridine orange – one and a half minutes 
 Hematoxylin – thirty seconds 
 Fast Green – dipped 
 
Slide 4 -  Mucous removal: PAS Technique, Aqueous [according to Humason 
(1979) quoting Lillie (1951)] 
 Treated the slides with lysozyme to Sorensens phosphate buffer for 
one hour 
 PAS – Periodic acid (five minutes), Schiff’s reagent (one hour) 
 Hematoxylin – thirty seconds 
 Fast Green – dipped 
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Slide 5 -  Glycogen removal: PAS staining kit (MERCK 1.01646.0001, for 
identification of mucopolysaccharides) 
 Treated the slides with lysozyme to Sorensens phosphate buffer for 
one hour 
 Human saliva was applied to the slides and allowed to air dry 
 PAS – Periodic acid (five minutes), Schiff’s reagent (one hour) 
 Hematoxylin – thirty seconds 
 Fast Green – dipped 
 
Tracheal sections were applied as controls in Slides 1 to 4 of the above 
techniques. 
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3.5  FEEDING BEHAVIOUR OF SOUTH AFRICAN CAVE-DWELLING 
AMPHIPODS 
 
Medium preparation: 
Cave water was not used when studying the feeding behaviour of cave-dwelling 
amphipods. In order to carry out the feeding experiments, the amphipods were 
placed into a medium which helps to maintain the correct osmotic balance within 
the amphipods body, preventing the amphipods from dehydrating. Eight liters of 
MilliQ water was placed into a 25ℓ plastic container. 0.60g of CaSO4.2H2O 
(Calcium sulphate), 1.23g of MgSO4.7H2O (Magnesium sulphate), 0.96g of 
NaHCO3 (Sodium hydrogen carbonate), and 0.04g of KCl (Potassium chloride) 
was weighed off and then dissolved in a sterilized glass volumetric flask 
containing 2ℓ of MilliQ water. The content of the volumetric flask was added to 
the 25ℓ plastic container (Figure 3.4), increasing the total volume from 8ℓ to 10ℓ. 
To stabilize the medium and ensure that the chemicals were effectively 
dissolved, the medium was then aerated (Figure 3.5) for 24 hours. 
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Figure 3.4: 25ℓ plastic container used to store the medium. 
 
 
Figure 3.5: The medium was aerated for 24 hours using the aeration system 
within the environmental room. 
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All of the feeding experiments were carried out in duplicate in 250mℓ sterilized 
glass bottles (Figure 3.6), and each experiment made use of one amphipod per 
200mℓ of medium per individual glass bottle. 
 
 
Figure 3.6: The feeding experiments were carried out in 250mℓ sterilized glass 
bottles, containing one amphipod in 200mℓ of medium. 
 
Before initiating the feeding experiments, the amphipods underwent a process of 
gut clearing. Gut clearing involved starving the amphipods for a period of five 
days prior to starting the feeding experiments. The faecal matter, produced by 
the amphipods, was removed using clean disposable plastic pipettes, and the 
volume of medium removed during the cleaning process was replaced with fresh, 
clean medium (in this way the volume was once again restored to 200mℓ). 
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Collection of the four substances used in the various feeding experiments 
 
Substance 1: Bat faeces 
Approximately 200g of bat faeces, or bat guano, was collected from Ficus Cave, 
using a small sterilized gardener’s spade. The bat faeces was stored in a 200mℓ 
collection bottle within the environmental room. 
 
Substance 2: Leaf litter 
Roughly 200g of leaf litter was collected from the cave entrance of Ficus Cave. 
Using a small sterilized gardeners spade, the leaf litter was collected and 
transferred into a 200mℓ collection bottle which was then stored in the 
environmental room. 
 
Substance 3: Sediment 
Approximately 250g of water logged sediment was collected from the 
underground lake in Ficus Cave using a small sterilized gardener’s spade. The 
sediment was then transferred to a 200mℓ collection bottle and stored in the 
environmental room. 
 
Substance 4: Yeast 
Two 20g blocks of fresh, sealed baker’s yeast were purchased and stored in a 
refrigerator. 
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3.5.1  Starvation of amphipods 
 
All of the feeding experiments were carried out in duplicate in 250mℓ sterilized 
glass bottles. Each experiment made use of one amphipod per 200mℓ of medium 
per individual glass bottle, which was labeled accordingly. Each label contained 
all of the necessary information that pertained to the experiment being carried 
out. 
 
Before initiating the first feeding experiment, 10 amphipods underwent the 
process of gut clearing. The faecal matter, produced by the amphipods, was 
removed using clean disposable plastic pipettes, and the volume of medium 
removed during the cleaning process was replaced with fresh, clean medium (in 
this way the volume was once again restored to 200mℓ). 
 
Five of the 10 amphipods were starved from the 25/04/2006, while the remaining 
five amphipods were starved from the 06/05/2006. 
 
Once a week the faecal matter, produced by the amphipods, was removed using 
clean disposable plastic pipettes, and the volume of medium removed during the 
cleaning process was replaced with fresh, clean medium (in this way the volume 
was once again restored to 200mℓ). 
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3.5.2  Bat faeces, leaf litter, sediment, and yeast as food sources for 
amphipods 
 
All of the feeding experiments were carried out in duplicate in 250mℓ sterilized 
glass bottles. Each experiment made use of one amphipod per 200mℓ of medium 
per individual glass bottle, which was labeled accordingly. Each label contained 
all of the necessary information that pertained to the experiment being carried 
out. 
 
Before initiating the second feeding experiment, 48 amphipods underwent the 
process of gut clearing. The faecal matter, produced by the amphipods, was 
removed using clean disposable plastic pipettes, and the volume of medium 
removed during the cleaning process was replaced with fresh, clean medium (in 
this way the volume was once again restored to 200mℓ). 
 
For this experiment it was decided to make use of an exponential as well as a 
numerical increase of all four chosen substances (namely bat faeces, leaf litter, 
sediment and yeast). 0.01g, 0.1g, and 1g (exponential increase) of bat faeces, 
leaf litter, sediment, and yeast was accurately weighed off (in duplicate) using 
clean, plastic 65mm disposable Petri dishes. For the numerical increase, 1.5g, 
2.5g, and 3.5g of bat faeces, leaf litter, sediment, and yeast was also accurately 
weighed off (in duplicate) using clean, plastic 65mm disposable Petri dishes. The 
various substances were then carefully added to the respective experimental 
bottles (labeled accordingly). 
 
The TDS (total dissolved salts), oxygen concentration, and pH readings of all 48 
experimental bottles were also recorded once a week for six weeks. 
CHAPTER 3 
 
 
 
40
 
3.5.3  0.04g of bat faeces, 0.04g of leaf litter, 0.04g of sediment, and 0.04g of 
yeast as a food source for amphipods over a period of 36 days 
 
All of the feeding experiments were carried out in duplicate in 250mℓ sterilized 
glass bottles. Each experiment made use of one amphipod per 200mℓ of medium 
per individual glass bottle, which was labeled accordingly. Each label contained 
all of the necessary information that pertained to the experiment being carried 
out. 
 
Before feeding experiment three was initiated, 8 amphipods underwent the 
process of gut clearing. The faecal matter, produced by the amphipods, was 
removed using clean disposable plastic pipettes, and the volume of medium 
removed during the cleaning process was replaced with fresh, clean medium (in 
this way the volume was once again restored to 200mℓ). 
 
For this experiment it was decided to make use of 0.04g of the various 
substances. 0.04g, of bat faeces, 0.04g of leaf litter, 0.04g of sediment, and 
0.04g of yeast was accurately weighed off (in duplicate) using clean, plastic 
65mm disposable Petri dishes. The various substances were then carefully 
added to the respective experimental bottles (labeled accordingly). After seven 
days the 8 amphipods were carefully transferred from the bottles containing 
0.04g of the various substances (namely bat faceces, leaf litter, sediment and 
yeast) into clean sterilized bottles each containing 200mℓ of fresh, clean medium. 
For a period of five days the 8 amphipods underwent the process of gut clearing. 
The faecal matter, produced by the amphipods, was removed using clean 
disposable plastic pipettes, and the volume of medium removed during the 
cleaning process was replaced with fresh, clean medium (in this way the volume 
was once again restored to 200mℓ). 
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After five days of gut clearing 0.04g, of bat faeces, 0.04g of leaf litter, 0.04g of 
sediment, and 0.04g of yeast was again accurately weighed off (in duplicate) 
using clean, plastic 65mm disposable Petri dishes. The various substances were 
then carefully added to the respective experimental bottles (labeled accordingly). 
After seven days had passed the 8 amphipods were once again carefully 
transferred from the bottles containing 0.04g of the various substances (namely 
bat faeces, leaf litter, sediment and yeast) into clean sterilized bottles each 
containing 200mℓ of fresh, clean medium. The 8 amphipods then underwent gut 
clearing for a total of five days. The faecal matter, produced by the amphipods, 
was removed using clean disposable plastic pipettes, and the volume of medium 
removed during the cleaning process was replaced with fresh, clean medium (in 
this way the volume was once again restored to 200mℓ). Following five days of 
gut clearing 0.04g, of bat faeces, 0.04g of leaf litter, 0.04g of sediment, and 0.04g 
of yeast was weighed off (in duplicate) for a third time using clean, plastic 65mm 
disposable Petri dishes. The various substances were then carefully added to the 
respective experimental bottles (labeled accordingly). This experiment was 
carried out for a total of 36 days. 
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3.5.4  Twenty four hour study 
 
All of the feeding experiments were carried out in duplicate in 250mℓ sterilized 
glass bottles. Each experiment made use of one amphipod per 200mℓ of medium 
per individual glass bottle, which was labeled accordingly. Each label contained 
all of the necessary information that pertained to the experiment being carried 
out. 
 
Prior to carrying out the feeding experiment, 9 amphipods underwent the process 
of gut clearing. The faecal matter, produced by the amphipods, was removed 
using clean disposable plastic pipettes, and the volume of medium removed 
during the cleaning process was replaced with fresh, clean medium (in this way 
the volume was once again restored to 200mℓ). The amphipods were carefully 
removed from the medium, weighed and then immediately returned to the 
medium. 
 
For this experiment it was decided to make use of 0.08g of the various 
substances. 0.08g, of bat faeces, 0.08g of leaf litter, 0.08g of sediment, and 
0.08g of yeast was accurately weighed off (in duplicate) using clean, plastic 
65mm, disposable Petri dishes. The various substances were then carefully 
added to the respective experimental bottles (labeled accordingly). After 24 
hours, the amphipods were once again carefully removed from the bottles, 
weighed and then immediately returned to their respective bottles. In this 
experiment an unfed amphipod was used as a control. 
 
This entire process was then again repeated for a 48 hour study as well as a 72 
hour study. 
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3.5.5  Extraction of amphipod gut contents, to determine if bat faeces, 
leaf litter, sediment, and yeast were ingested 
 
All of the feeding experiments were carried out in duplicate in 250mℓ sterilized 
glass bottles. Each experiment made use of one amphipod per 200mℓ of medium 
per individual glass bottle, which was labeled accordingly. Each label contained 
all of the necessary information that pertained to the experiment being carried 
out. 
 
Prior to initiating feeding experiment number five, 8 amphipods underwent the 
process of gut clearing. The faecal matter, produced by the amphipods, was 
removed using clean disposable plastic pipettes, and the volume of medium 
removed during the cleaning process was replaced with fresh, clean medium (in 
this way the volume was once again restored to 200mℓ). 
 
For this experiment it was decided to make use of 0.08g of the various 
substances. 0.08g, of bat faeces, 0.08g of leaf litter, 0.08g of sediment, and 
0.08g of yeast was accurately weighed off (in duplicate) using clean, plastic 
65mm disposable Petri dishes. The various substances were then carefully 
added to the respective experimental bottles (labeled accordingly). 
 
After 48 hours, the amphipods were sacrificed. By squashing an individual 
amphipod between two microscope slides, the gastrointestinal content could be 
extracted. To determine if bat faeces, leaf litter, sediment and yeast were in fact 
ingested by the amphipods, the gut content of each individual amphipod was 
observed under the microscope and compared with the actual test substances 
(namely, bat faeces, leaf litter, sediment, and yeast). By means of a Canon A620 
digital camera, connected to the microscope, photographs were taken of the test 
substances as well as the gut contents of the amphipods. 
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3.5.6  Predation, cannibalism, and scavenging in amphipods 
 
All of the feeding experiments were carried out in duplicate in 250mℓ sterilized 
glass bottles. Each experiment made use of one amphipod per 200mℓ of medium 
per individual glass bottle, which was labeled accordingly. Each label contained 
all of the necessary information that pertained to the experiment being carried 
out. 
 
Before initiating feeding experiment number six, 6 amphipods from Irene Cave 
and six amphipods from Ficus Cave underwent the process of gut clearing. The 
faecal matter, produced by the amphipods, was removed using clean disposable 
plastic pipettes, and the volume of medium removed during the cleaning process 
was replaced with fresh, clean medium (in this way the volume was once again 
restored to 200mℓ). 
 
In order to record video clips and take photographs of the amphipods feeding, 
the amphipods were transferred from the 200mℓ glass bottles into 65mm Petri 
dishes. 
 
List of amphipods used for feeding experiment 6 - 
Petri dish 1: Irene Cave amphipod (A)  
Petri dish 2: Irene Cave amphipod (B) 
Petri dish 3: Irene Cave amphipod (A) 
Petri dish 4: Irene Cave amphipod (B) 
Petri dish 5: Irene Cave amphipod (A) 
Petri dish 6: Irene Cave amphipod (B) 
Petri dish 7: Ficus Cave amphipod (A) 
Petri dish 8: Ficus Cave amphipod (B) 
Petri dish 9: Ficus Cave amphipod (A) 
Petri dish 10: Ficus Cave amphipod (B) 
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Petri dish 11: Ficus Cave amphipod (A) 
Petri dish 12: Ficus Cave amphipod (B) 
 
Twelve additional Ficus Cave amphipods that did not undergo the process of gut 
clearing were collected from the fish tanks stored in the aquarium. Four of the six 
amphipods were sacrificed; four were injured; and four remained uninjured. The 
12 amphipods were then added to the respective Petri dishes. 
 
Petri dish 1: Irene Cave amphipod (A) + a dead Ficus Cave amphipod 
Petri dish 2: Irene Cave amphipod (B) + a dead Ficus Cave amphipod 
Petri dish 3: Irene Cave amphipod (A) + an injured Ficus Cave amphipod 
Petri dish 4: Irene Cave amphipod (B) + an injured Ficus Cave amphipod 
Petri dish 5: Irene Cave amphipod (A) + a live Ficus Cave amphipod 
Petri dish 6: Irene Cave amphipod (B) + a live Ficus Cave amphipod 
Petri dish 7: Ficus Cave amphipod (A) + a dead Ficus Cave amphipod 
Petri dish 8: Ficus Cave amphipod (B) + a dead Ficus Cave amphipod 
Petri dish 9: Ficus Cave amphipod (A) + an injured Ficus Cave amphipod 
Petri dish 10: Ficus Cave amphipod (B) + an injured Ficus Cave amphipod 
Petri dish 11: Ficus Cave amphipod (A) + a live Ficus Cave amphipod 
Petri dish 12: Ficus Cave amphipod (B) + a live Ficus Cave amphipod 
The Petri dishes were then carefully positioned under the microscope, and using 
a Canon A620 digital camera connected to the microscope, video clips were 
recorded, and photographs were taken. 
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3.6 THE USE OF MICROBIOLOGY IN DETERMINING THE 
CONSTITUENTS OF THE GUT CONTENTS OF CAVE-DWELLING 
AMPHIPODS 
 
Sample Preparation: 
Amphipod samples: All of the microbiological techniques were carried out in 
duplicate, and therefore two amphipods per cave per microbiological technique 
were sacrificed. The amphipod was placed into a 10% ethanol solution for three 
minutes, then quickly swished through an open flame, and placed into 10mℓ of 
*peptone water in a clean test tube. A sterilized glass rod and a vortex were used 
to break open the gastrointestinal tract of the amphipod, thereby dispersing the 
gut contents throughout the peptone water. 
 
Sediment samples: Each individual microbiological test procedure required the 
use of 150g of sediment. The sediment was weighed off, added to 300mℓ of 
sterilized distilled water (in an autoclavable 500mℓ bottle), and finally placed into 
a sonicator (i.e. a sonic agitator) for five minutes. This combination of sediment 
and distilled water was allowed to stand for one and a half hours before any test 
procedures were carried out. 
 
Water samples: The water samples collected from the four caves did not undergo 
any preparation, with exception to serial dilution preparation, prior to the various 
microbiological techniques. The necessary volumes were simply extracted, and 
the microbiological test procedures were then carried out. 
 
*Peptone water: 1g of peptone, plus 0.5g of NaCl was added to 1000mℓ of 
distilled water. 9mℓ quantities of peptone water was then dispersed into 
numerous screw cap bottles, and sterilized by autoclaving at 121°C for a period 
of 15 minutes. 
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Serial dilutions of amphipod, soil, and water samples from all four caves were 
also prepared (Figure 3.7). 
 
Figure 3.7: The technique used to prepare serial dilutions of amphipod, soil, and 
water samples. 
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3.6.1  Heterotrophic (Standard) Plate Count (Pour plate method) 
 
Objective: The Heterotrophic Plate Count (HPC) was used to determine the 
number of viable (culturable) heterotrophic bacteria in the gastrointestinal tract of 
cave-dwelling amphipods, as well as in the water and sediment from the 
amphipods surrounding environment, collected from Ficus Cave, Koelenhof 
Cave, Peppercorn’s Cave, and Sterkfontein Cave. 
 
For the Heterotrophic Plate Count procedure the positive control used was 
Escherichia coli and the negative control was simply uninoculated media. Sterility 
controls were also included: Media control – media was poured into a sterile Petri 
dish; Dilution water control – 1mℓ of sterile saline used for the dilutions combined 
with media was poured into a sterile Petri dish. 
 
For the preparation of Plate Count Agar, 5.0g of Tryptone, plus 2.5g of Yeast 
extract, plus 1.0g of Dextrose, plus 14.5g of agar was accurately weighed off and 
then added to 1000mℓ of distilled water. In order to ensure that the Tryptone, 
Yeast extract, Dextrose and agar was completely dissolved in the distilled water, 
the mixture was heated over a Bunsen burner and gently swirled at regular 
intervals. When working with hot liquids, thick, heat resistant gloves to protect 
hands, and safety goggles for eye protection were always worn. Following the 
preparation of the Plate Count Agar (1000mℓ), volumes of approximately 150mℓ 
of agar was distributed into 250mℓ glass Schott bottles, which were then 
autoclaved for 15 minutes at temperatures of 121°C. The medium was 
immediately utilized. However, the medium could also have been stored at 4°C 
for use at a later stage. In order to make use of the stored medium, the medium 
would have had to be melted within the glass bottles with the use of a microwave 
oven. 
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By making use of an automatic pipette, with sterile disposable tips, 1.0mℓ of the 
sample, or 1.0mℓ of a specific sample dilution was carefully emptied into the 
centre of a 90mm plastic, disposable Petri dish. Melted, sterile plate count media 
was poured into the same Petri dish which was then gently swirled in a clockwise 
and anti-clockwise motion to ensure thorough mixing of the sample with the 
medium. The media was allowed to solidify at room temperature, and the plates 
were then incubated in an inverted position at 35°C ± 1°C for 48 hours. 
Microbiological analyses were carried out in duplicate in a laminar flow cabinet, 
and all of the colonies that developed on and within the media were counted 
using a suitable colony counter (Clearceri, et al. 1989; Grabow and Du Preez, 
1980). 
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3.6.2  Total Coliforms (Membrane filtration procedure) 
 
Objective: The Total Coliform Count (TC) was used to determine the total 
number of coliform bacteria in the gastrointestinal tract of cave-dwelling 
amphipods, as well as in the water and sediment from the amphipods 
surrounding environment, collected from Ficus Cave, Koelenhof Cave, 
Peppercorn’s Cave, and Sterkfontein Cave. 
 
For the Total Coliform Count procedure the positive control used was 
Enterobacter cloacae and the negative control was Staphylococcus aureus. 
 
For the preparation of growth medium, 51g of M-Endo agar LES was weighed 
off, and 20mℓ of ethanol Abs was accurately measured and then added to 
1000mℓ of deionised distilled water. In order to ensure that the M-Endo agar LES 
was completely dissolved the mixture was boiled over a Bunsen burner, and 
stirred at regular intervals. The media was allowed to cool to 45°C and then 
volumes of approximately 15mℓ of media was dispensed into each of the 65mm 
plastic disposable Petri dishes. Once the media had solidified, the freshly 
prepared plates were stored upside down at 4°C. Since the media is light 
sensitive it was always stored in the dark. Good hygiene and aseptic techniques 
were practiced even though the medium is selective for coliform bacteria. 
 
The membrane filtration system (Figure 3.8), with a vacuum, was set-up, and 
only pre-sterilized membrane filters were used. Sample volumes of 10mℓ or 
100mℓ were directly filtered. However, when 1mℓ quantities or dilutions were 
used, 10mℓ of sterile *saline was added prior to the introduction of the 1mℓ 
sample or dilution to ensure even distribution of the sample over the entire 
membrane filter, and thus preventing the bacterial colonies from growing on top 
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of one another or in the center of the membrane. All of the analyses were 
performed in duplicate. 
 
By means of a forceps, the membrane filter was aseptically removed and placed 
face-up on the agar plate. The plates were then incubated in an inverted position 
at 35°C ± 1°C for 20 to 22 hours. Following the incubation period all of the 
colonies with a dark-red colour and a metallic surface sheen were counted using 
a suitable colony counter (Clearceri, et al. 1989; Grabow and Du Preez, 1980). 
 
*Saline: 8.5g of sodium chloride (NaCl) dissolved in 1000mℓ of distilled water, 
and sterilized by autoclaving at 121°C for a period of 15 minutes. 
 
 
Figure 3.8: Filtration system used during membrane filtration procedures. 
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3.6.3  Faecal Coliforms (Membrane filtration procedure) 
 
Objective: The Faecal Coliform Count (FC) was used for the enumeration of 
faecal coliform bacteria in the gastrointestinal tract of cave-dwelling amphipods, 
as well as in the water and sediment from the amphipods surrounding 
environment, collected from Ficus Cave, Koelenhof Cave, Peppercorn’s Cave, 
and Sterkfontein Cave. 
 
For the Faecal Coliform Count procedure the positive control used was 
Escherichia coli and the negative control was Enterococcus faecium. 
 
For the preparation of growth medium, 50g of m-FC Agar was weighed off, and 
then added to 1000mℓ of deionised distilled water. In order to ensure that the m-
FC Agar was completely dissolved the mixture was boiled over a Bunsen burner, 
and stirred at regular intervals. The media was allowed to cool to 45°C and then 
volumes of approximately 15mℓ of media was dispensed into each of the 65mm 
plastic disposable Petri dishes. Once the media had solidified, the freshly 
prepared plates were stored upside down at 4°C. Since the media is light 
sensitive it was always stored in the dark. Good hygiene and aseptic techniques 
were practiced even though the medium is selective for faecal coliform bacteria. 
 
The membrane filtration system (Figure 3.8), with a vacuum, was set-up, and 
only pre-sterilized membrane filters were used. Sample volumes of 10mℓ or 
100mℓ were directly filtered. However, when 1mℓ quantities or dilutions were 
used, 10mℓ of sterile saline was added prior to the introduction of the 1mℓ sample 
or dilution to ensure even distribution of the sample over the entire membrane 
filter, and thus preventing the bacterial colonies from growing on top of one 
another or in the center of the membrane. All of the analyses were performed in 
duplicate. 
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By means of a forceps, the membrane filter was aseptically removed and placed 
face-up on the agar plate. The plates were then incubated upside down at 44.5°C 
± 1°C for 20 to 22 hours. Following the incubation period the dark blue colonies 
were carefully counted using a suitable colony counter (Clearceri, et al. 1989; 
Grabow and Du Preez, 1980). 
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3.6.4  Confirmatory test for Escherichia coli 
 
Table 3.1: Confirmatory test for Escherichia coli in the soil and water samples 
collected from the four caves. 
CAVE FICUS KOELENHOF PEPPERCORN’S STERKFONTEIN
E.coli confirmation: 
SOIL 
 
 
 
4 Faecal coliform 
colonies were 
selected 
 
 
5 Faecal coliform 
colonies were 
selected 
 
 
4 Faecal coliform 
colonies were 
selected 
 
 
22 Faecal coliform 
colonies were 
selected 
 
 
E.coli confirmation: 
WATER 
 
 
 
2 Faecal coliform 
colonies were 
selected 
 
 
21 Faecal coliform 
colonies were 
selected 
 
 
4 Faecal coliform 
colonies were 
selected 
 
 
------------------ 
 
 
 
 
Using a sterilized metal loop, the selected faecal coliform colonies (Table 3.1) 
were transferred into individual screw cap bottles containing 25mℓ of *tryptone 
water (i.e. one faecal coliform colony per 25mℓ of tryptone water per bottle). The 
bottles were then incubated at 44.5°C ± 1°C for 24 hours.  
In order to test for the formation of indole, 0.3 – 0.5 mℓ of Kovacs reagent 
solution was added to each of the bottles. After gently swirling the contents of 
each of the bottles, they were left to stand for 10 minutes. The pink to red colour 
that developed within the various bottles indicated the presence of indole, thus 
confirming the presence of Escherichia coli (SABS 221, 1990). 
 
*Tryptone water: 10g of tryptone, plus 5g of sodium chloride was weighed off and 
added to 1000mℓ of distilled water. 10mℓ quantities of tryptone water was then 
dispersed into numerous screw cap bottles and autoclaved at 121°C for a total of 
15 minutes. 
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3.6.5  Faecal Streptococci/Enterococci (Membrane filtration procedure) 
 
Objective: The Faecal Streptococci Count (FS) was used for the enumeration of 
faecal streptococci in the gastrointestinal tract of cave-dwelling amphipods, as 
well as in the water and sediment from the amphipods surrounding environment, 
collected from Ficus Cave, Koelenhof Cave, Peppercorn’s Cave, and 
Sterkfontein Cave. 
 
For the Faecal Streptococci Count procedure the positive control used was 
Enterococcus faecium and the negative control was Enterobacter cloacae. 
 
For the preparation of growth medium, 42g of m-Enterococcus Agar was 
weighed off, and then added to 1000mℓ of deionised distilled water. In order to 
ensure that the m-FC Agar was completely dissolved the mixture was boiled over 
a Bunsen burner, and stirred at regular intervals. The media was allowed to cool 
to 45°C and then volumes of approximately 15mℓ of media was dispensed into 
each of the 65mm plastic disposable Petri dishes. Once the media had solidified, 
the freshly prepared plates were stored in an inverted position at 4°C. Since the 
media is light sensitive it was always stored in the dark. Good hygiene and 
aseptic techniques were practiced even though the medium is selective for faecal 
coliform bacteria. 
 
The membrane filtration system (Figure 3.8), with a vacuum, was set-up, and 
only pre-sterilized membrane filters were used. Sample volumes of 10mℓ or 
100mℓ were directly filtered. However, when 1mℓ quantities or dilutions were 
used, 10mℓ of sterile saline was added prior to the introduction of the 1mℓ sample 
or dilution to ensure even distribution of the sample over the entire membrane 
filter, and thus preventing the bacterial colonies from growing on top of one 
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another or in the center of the membrane. All of the analyses were performed in 
duplicate. 
 
By means of a forceps, the membrane filter was aseptically removed and placed 
face-up on the agar plate. The plates were then incubated upside down at 35°C ± 
1°C for 44 to 48 hours. Following the incubation period and by means of a 
suitable colony counter the dark red/maroon colonies were carefully counted 
(Clearceri, et al. 1989; Grabow and Du Preez, 1980). 
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3.6.6  Clostridium (Membrane filtration procedure) 
 
Objective: The Clostridium Count was used for the isolation and enumeration of 
the vegetative and spore forms of Clostridium perfringens in the gastrointestinal 
tract of cave-dwelling amphipods, as well as in the water and sediment from the 
amphipods surrounding environment, collected from Ficus Cave, Koelenhof 
Cave, Peppercorn’s Cave, and Sterkfontein Cave. 
 
For the Clostridium spp. Count procedure the positive control used was 
Clostridium perfringens and the negative control was Clostridium sordellii. 
 
For the preparation of growth medium, Tryptose sulfite cycloserine agar base 
was weighed off and added to 1000mℓ of deionised distilled water. In order to 
ensure that the agar was completely dissolved the mixture was boiled over a 
Bunsen burner, and stirred at regular intervals. After the media had cooled to 
45°C, 0.4g of cycloserine was added to the media which was gently swirled. 
Quantities of approximately 15mℓ of media were dispensed into each of the 
65mm plastic disposable Petri dishes. Once the media had solidified, the freshly 
prepared plates were stored in an inverted position at 4°C. Since the media is 
light sensitive it was always stored in the dark. Good hygiene and aseptic 
techniques were practiced even though the medium is selective for faecal 
coliform bacteria. 
 
The membrane filtration system (Figure 3.8), with a vacuum, was set-up, and 
only pre-sterilized membrane filters were used. Sample volumes of 10mℓ or 
100mℓ were directly filtered. However, when 1mℓ quantities or dilutions were 
used, 10mℓ of sterile saline was added prior to the introduction of the 1mℓ sample 
or dilution to ensure even distribution of the sample over the entire membrane 
filter, and thus preventing the bacterial colonies from growing on top of one  
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another or in the center of the membrane. All of the analyses were performed in 
duplicate. 
 
By means of a forceps, the membrane filter was aseptically removed and placed 
face-up on the agar plate. The plates were then incubated upside down in an 
anaerobic conditions chamber at 35°C ± 1°C for 48 hours. Following the 
incubation period and by means of a suitable colony counter the colonies that 
appeared black in colour were carefully counted (Clearceri, et al. 1989; Grabow 
and Du Preez, 1980). 
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3.6.7  Pseudomonas (Membrane filtration procedure) 
 
Objective: The Pseudomonas Count was used for the enumeration of 
Pseudomonas spp. in the gastrointestinal tract of cave-dwelling amphipods, as 
well as in the water and sediment from the amphipods surrounding environment, 
collected from Ficus Cave, Koelenhof Cave, Peppercorn’s Cave, and 
Sterkfontein Cave. 
 
For the Pseudomonas spp Count procedure the positive control used was 
Pseudomonas cepacia and the negative control was Staphylococcus aureus. 
 
For the preparation of growth medium, 48.4 g of CM0559 Pseudomonas agar 
base was weighed off, and 5mℓ of glycerol was measured and then added to 
1000mℓ of deionised distilled water. In order to ensure that the CM0559 agar was 
completely dissolved the mixture was boiled over a Bunsen burner, and stirred at 
regular intervals. Quantities of approximately 150mℓ of agar was distributed into 
250mℓ glass Schott bottles, which were then autoclaved for 15 minutes at 
temperatures of 121°C. One vial of Pseudomonas SR103 supplement was 
aseptically added to the media after it had cooled to 50°C, and then volumes of 
approximately 15mℓ of the media–supplement combination was poured into the 
65mm plastic disposable Petri dishes. Once the media had solidified, the freshly 
prepared plates were stored in an inverted position at 4°C. Since the media is 
light sensitive it was always stored in the dark. Good hygiene and aseptic 
techniques were practiced even though the medium is selective for faecal 
coliform bacteria. 
 
The membrane filtration system (Figure 3.8), with a vacuum, was set-up, and 
only pre-sterilized membrane filters were used. Sample volumes of 10mℓ or 
100mℓ were directly filtered. However, when 1mℓ quantities or dilutions were 
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used, 10mℓ of sterile saline was added prior to the introduction of the 1mℓ sample 
or dilution to ensure even distribution of the sample over the entire membrane 
filter, and thus preventing the bacterial colonies from growing on top of one 
another or in the center of the membrane. All of the analyses were performed in 
duplicate. 
 
By means of a forceps, the membrane filter was aseptically removed and placed 
face-up on the agar plate. The plates were then incubated upside down at 35°C ± 
1°C for 48 hours. Following the incubation period and by means of a suitable 
colony counter the light creamy yellow colonies were carefully counted 
(Clearceri, et al. 1989; Grabow and Du Preez, 1980). 
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3.6.8  Detection of Salmonella spp. (Presence / Absence) 
 
Objective: The procedure for the Detection of Salmonella spp. was used to 
establish the presence or absence of Salmonella spp. within the gastrointestinal 
tract of cave-dwelling amphipods, as well as in the water and sediment from the 
amphipods surrounding environment, collected from Ficus Cave, Koelenhof 
Cave, Peppercorn’s Cave, and Sterkfontein Cave. 
 
For the Detection of Salmonella spp. the positive control used was Salmonella 
enteriditis and the negative control was Enterococcus faecalis. 
 
In order to carry out the procedure for the detection of Salmonella spp. three core 
reagents were prepared, namely single-strength and double-strength buffered 
peptone water; Rappaport-Vassiliadis (RV) enrichment broth; and Bismuth sulfite 
agar. Single-strength buffered peptone water is composed of 10g of peptone, 5g 
of sodium chloride, 9g of disodium monohydrogen phosphate, and 1.5g of 
potassium dihydrogen phosphate added to 1000mℓ deionised distilled water, 
which was then boiled over a Bunsen burner to ensure that the reagents 
dissolved. Double-strength buffered peptone water consists of 20g of peptone, 
10g of sodium chloride, 18g of disodium monohydrogen phosphate, and 3.0g of 
potassium dihydrogen phosphate added to 1000mℓ deionised distilled water, 
which was then also boiled over a Bunsen burner to ensure that the reagents 
dissolved properly. Quantities of approximately 100mℓ of media was distributed 
into 250mℓ glass Schott bottles, which were then autoclaved for 15 minutes at 
temperatures of 121°C. 
 
For the preparation of Rappaport-Vassaliadis enrichment broth, 30g of 
commercially obtained RV enrichment broth (RVCM0669) was added to 1000mℓ 
of deionised distilled water. The water and reagent mixture was then boiled to 
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ensure that the reagent was properly dissolved. Distributed 100mℓ quantities of 
RV enrichment broth into 250mℓ glass Schott bottles, which were then 
autoclaved for 15 minutes at temperatures of 121°C. 
 
For the preparation of Bismuth sulfite agar, 47.5g of commercially obtained 
Bismuth sulfite agar extract was added to 1000mℓ of distilled water. In order to 
ensure that the agar was completely dissolved in the distilled water, the mixture 
was heated over a Bunsen burner. Following the preparation of the agar 
(1000mℓ), volumes of approximately 100mℓ of agar was distributed into 250mℓ 
glass Schott bottles, which were then autoclaved for 15 minutes at temperatures 
of 121°C. The media was allowed to cool to 45°C and then volumes of 
approximately 25mℓ of media was dispensed into the 90mm plastic disposable 
Petri dishes. Once the media had solidified, the freshly prepared plates were 
stored in an inverted position at 4°C. Since the media is light sensitive it was 
always stored in the dark. 
 
Concentration of the water sample: The membrane filtration system (Figure 3.8), 
with a vacuum, was set-up, and only pre-sterilized membrane filters were used. 
Sample volumes of 10mℓ or 100mℓ were directly filtered. However, when 1mℓ 
quantities or dilutions were used, 10mℓ of sterile saline was added prior to the 
introduction of the 1mℓ sample or dilution to ensure even distribution of the 
sample over the entire membrane filter, and thus preventing the bacterial 
colonies from growing on top of one another or in the center of the membrane. All 
of the analyses were performed in duplicate. 
 
Pre-enrichment: By means of a forceps, the membrane filter was aseptically 
removed and transferred to a 250mℓ sterile Schott bottle containing 100mℓ of the 
single-strength enrichment broth. The contents of each of the Schott bottles were 
homogenized at high speeds for one minute. The homogenate was added to 
100mℓ of double-strength buffered peptone water, and incubated at 35°C ± 1°C 
for 16 to 20 hours. 
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Enrichment: 10mℓ of the pre-enriched sample was transferred to 100mℓ of RV 
enrichment broth, and then incubated at 35°C ± 1°C for 22 hours. 
Plating: Subcultured loops of RV media onto plates (duplicated) of Bismuth sulfite 
agar, and incubated the plates at 35°C ± 1°C for 48 hours. 
The presence of Salmonella spp. is indicated by a grayish-black growth, 
surrounded by a metallic sheen (Burger and Kfir, 1988; HPA, 2003; ISO 6340, 
1986; Kfir, et al. 1993). 
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CHAPTER 4 
RESULTS 
 
4.1 FIELD STUDIES 
Table 4.1: Various ecological observations regarding each of the five caves 
were conducted. 
CAVE FICUS IRENE KOELENHOF PEPPERCORN’S STERKFONTEIN
Cave location Polokwane Tswane 
Kromdraai 
Conservancy Polokwane 
Kromdraai 
Conservancy 
GPS reading of 
cave 
S24°08'56.2" 
E29°10'19.0" 
S25°53'53.3" 
E28°13'19.8" 
S26°01'00" 
E27°44'36" 
S24°08'53.3" 
E29°10'12.5" 
S26°01'06.0" 
E27°44'0.8" 
 Depth of cave 
(m) 50m 30m 90m 30m 60m 
Temperature 
of cave (°C) 20°C 17.8°C 19°C 20°C 19°C 
Temperature 
of cave water 
(°C) 16°C 18°C 19°C 19°C 16°C 
pH of cave 
water 7.51 7.06 7.94 8.3 7.85 
Clarity of cave 
water 
Clear; twigs & 
faeces on 
surface 
Clear; red oxide 
on under water Clear 
Murky; white scum 
on surface 
Clear; calcite 
crystals on  
surface 
Types of 
sediment 
Compacted, dark 
brown soil 
Loose, non-
compacted dark 
brown soil 
Fine, tightly 
compacted, 
orange soil 
particles 
A variety of 
compacted, dark 
brown soil 
particles 
Fine, tightly 
compacted, dark 
brown soil 
particles 
Bats Hundreds Varying numbers Two One Three 
Bat faeces 
Copious 
amounts 
Copious 
amounts 
Few, dispersed 
droppings 
Only a few 
droppings 
Only a few 
droppings 
Invertebrates Spiders, beetles Spiders, beetles 
Spiders, snails, 
centipedes 
Spiders, moths, 
beetles Spiders, moths 
Vertebrates 
None were 
observed 
None were 
observed 
None were 
observed 
None were 
observed 
None were 
observed 
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Table 4.1 continued: Various ecological observations regarding each of the five  
caves were conducted. 
 
CAVE FICUS IRENE KOELENHOF PEPPERCORN’S STERKFONTEIN
Living plants 
Observed no 
living plants 
Observed no 
living plants 
Observed no 
living plants 
Observed no living 
plants 
Observed no 
living plants 
Plant debris 
Large amounts 
of twigs & 
leaves Twigs & leaves 
Small branches, 
twigs & leaves 
Branches, twigs & 
leaves A few small twigs 
Organic 
matter in cave 
water 
Bat faeces & 
plant debris Bat faeces 
Bat faeces & 
plant debris 
Bat faeces & plant 
debris 
Observed no 
organic matter in 
water 
Fish 
None were 
observed 
None were 
observed 
None were 
observed 
None were 
observed 
None were 
observed 
Other aquatic 
organisms 
None were 
observed 
None were 
observed 
None were 
observed 
None were 
observed 
None were 
observed 
Guided cave 
tours No guided tours No guided tours 
No guided tours; 
but  frequented 
by caving 
enthusiasts No guided tours 
Guided cave tours 
seven days a 
week 
Mining 
activities 
No mining 
activities 
No mining 
activities 
No mining 
activities 
No mining 
activities 
No current mining 
activities 
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4.2 ENVIRONMENTAL ROOM STUDIES 
 
The technique that was implemented for the collection of amphipods as well as 
the transportation of the amphipods from the cave to the environmental room 
proved to be successful. Collection and transportation resulted in zero amphipod 
mortalities. 
 
The long term adaptability and survival of amphipods under aquarium conditions 
also proved to be a successful undertaking. Storage of amphipods in 40ℓ, 
rectangular fish tanks in the environmental room resulted in a very low amphipod 
mortality (i.e. approximately two amphipods per tank died during storage 
conditions). 
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4.3 STUDIES OF THE MOUTHPARTS OF SOUTH AFRICAN CAVE-
DWELLING AMPHIPODS 
 
 
Figure 4.1: Ventral view of the head region of an amphipod from Sterkfontein 
Cave, Gauteng Province, South Africa. 
 
According to Pennak (1978), the mouthparts of amphipods (Figure 4.1) are 
closely arranged and moderately small. Pennak (1978) also stated that the 
mouthparts are comprised of an upper lip (Figure 4.2); a pair of mandibles 
(Figure 4.4) used for cutting and tearing; a pair of first maxillae (Figure 4.6); a 
pair of second maxillae (Figure 4.8); a lower lip; and a pair of maxillipeds 
(Figures 4.10 and 4.12). 
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Figure 4.2: Detail of the mouth parts of an amphipod from Sterkfontein Cave, 
depicting the upper lip. 
 
 
 
 
 
Figure 4.3: Line drawing representing the upper lip of Paramelia triangula sp. 
(the line drawing is based on illustrations by Griffiths and Stewart (1993) and 
does not represent the upper lip of the cave-dwelling amphipods in this study). 
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Figure 4.4: Detail of the mouth parts of an amphipod from Sterkfontein Cave, 
depicting the left mandible. 
 
 
 
 
Figure 4.5: Line drawing representing the dentate part of the left mandible of 
Paramelia triangula sp. (the line drawing is based on illustrations by Griffiths and 
Stewart (1993), and does not represent the dentate part of the left mandible of 
the cave-dwelling amphipods in this study). 
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Figure 4.6: Detail of the mouth parts of an amphipod from Sterkfontein Cave, 
depicting the left maxilla 1. 
 
 
 
 
 
Figure 4.7: Line drawing representing the left maxilla 1 of Paramelia triangula sp. 
(the line drawing is based on illustrations by Griffiths and Stewart (1993), and 
does not represent the left maxilla 1 of the cave-dwelling amphipods in this 
study). 
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Figure 4.8: Detail of the mouth parts of an amphipod from Sterkfontein Cave, 
depicting the left maxilla 2. 
 
 
 
Figure 4.9: Line drawing representing the left maxilla 2 of Paramelia triangula sp. 
(the line drawing is based on illustrations by Griffiths and Stewart (1993), and 
does not represent the left maxilla 2 of the cave-dwelling amphipods in this 
study). 
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Figure 4.10: Detail of the mouth parts of an amphipod from Sterkfontein Cave, 
depicting the dorsal surface of the pair of maxillipeds. 
 
 
Figure 4.11: Line drawing representing the dorsal surface of the pair of 
maxillipeds of Paramelia triangula sp. (the line drawing is based on illustrations 
by Griffiths and Stewart (1993), and does not represent the pair of maxillipeds of 
the cave-dwelling amphipods in this study). 
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Figure 4.12: Detail of the mouth parts of an amphipod from Sterkfontein Cave, 
depicting the ventral surface of the pair of maxillipeds. 
 
 
Figure 4.13: Line drawing representing the ventral surface of the pair of 
maxillipeds of Paramelia triangula sp. (the line drawing is based on illustrations 
by Griffiths and Stewart (1993), and does not represent the pair of maxillipeds of 
the cave-dwelling amphipods in this study). 
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The gnathopods (Figures 4.14 and 4.16) and anterior pereiopods hold onto the 
food mass, which is chewed directly without first being torn into smaller pieces 
(Pennak, 1978). 
 
 
Figure 4.14: The structure indicated above represents gnathopod 1 of an 
amphipod from Sterkfontein Cave. 
 
 
Figure 4.15: Line drawing representing gnathopod 1 of Paramelia triangula sp. 
(the line drawing is based on illustrations by Griffiths and Stewart (1993), and 
does not represent gnathopod 1 of the cave-dwelling amphipods in this study). 
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Figure 4.16: The structure indicated above represents gnathopod 2 of an 
amphipod from Sterkfontein Cave. 
 
 
Figure 4.17: Line drawing representing gnathopod 2 of Paramelia triangula sp. 
(the line drawing is based on illustrations by Griffiths and Stewart (1993), and 
does not represent gnathopod 2 of the cave-dwelling amphipods in this study). 
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4.4  HISTOLOGY OF THE GASTROINTESTINAL TRACT (GIT), AND 
THE USE OF HISTOCHEMISTRY IN DETERMINING THE GUT 
CONTENTS OF AMPHIPODS 
 
4.4.1  General morphology and orientation of the GIT was established using 
histology 
 
When using the AZAN staining method (Figures 4.18 and 4.19), the nuclei 
stained red, collagen and connective tissue stained blue, the muscle tissue 
stained red and yellow, and the cytoplasm stained light blue to orange red. After 
utilizing the AZAN staining technique the histological orientation of the gut, as 
well as the gut contents (brown sediment particles) was easily observed under 
the microscope. 
 
 
Figure 4.18: Longitudinal section of an amphipod from Sterkfontein Cave 
following the AZAN staining technique. 
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Figure 4.19: Transverse section of an amphipod from Sterkfontein Cave 
following the AZAN staining technique. 
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The gastrointestinal tract (GIT) is lined by a single layer of columnar epithelial 
cells, resting on a basement membrane (Figure 4.21), and the heart is an 
elongated structure situated in the dorsal midline (Figure 4.20). 
 
 
Figure 4.20: Transverse section of an amphipod from Sterkfontein Cave 
following the PAS, Hematoxylin, and Fast Green staining technique. 
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Figure 4.21: Transverse section of an amphipod from Sterkfontein Cave, at the 
highest magnification (i.e. oil immersion lens), following the PAS, Hematoxylin, 
and Fast Green staining technique. 
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When the PAS, Hematoxylin and Fast Green staining technique was employed, a 
PAS positive reaction (Figures 4.22 and 4.23) was identified within the gut 
contents. 
 
 
Figure 4.22: Longitudinal section of an amphipod from Sterkfontein Cave 
following the PAS, Hematoxylin, and Fast Green staining technique. 
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Figure 4.23: Longitudinal section of an amphipod from Sterkfontein Cave, at the 
highest magnification (i.e. oil immersion lens), following the PAS, Hematoxylin, 
and Fast Green staining technique. 
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4.4.2  The use of histochemistry in determining the constituents of the GIT 
contents 
 
Slide 1 – Following the PAS, Hematoxylin, and Fast Green staining technique, a 
PAS positive reaction was observed within the gut contents (Figure 
4.24). Tracheal sections were used as controls, and the epithelium 
lining the trachea became pink in colour when subjected to the PAS, 
Hematoxylin, and Fast Green staining technique, thereby indicating a 
PAS positive reaction. 
 
 
Figure 4.24: Longitudinal section of an amphipod from Sterkfontein Cave 
following the PAS, Hematoxylin, and Fast Green staining technique. 
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Slide 2 – Mucous was observed as a brilliant reddish-orange fluorescence within 
the gut of the amphipods (Figure 4.25). Tracheal sections were used 
as controls, and the epithelium lining the trachea became reddish-
orange in colour when subjected to the fluorescence staining 
technique, thereby indicating the presence of mucous in the in the 
epithelial lining of the trachea. 
 
 
Figure 4.25: Longitudinal section of an amphipod from Sterkfontein Cave 
following the Mucin Fluorescent method (without counterstain). 
CHAPTER 4 
 
 
 
84
 
Slide 3 – Mucous was observed as a brilliant reddish-orange fluorescence within 
the gut of the amphipods. Tracheal sections were used as controls, 
and the epithelium lining the trachea became reddish-orange in colour 
when subjected to the fluorescence staining technique, thereby 
indicating the presence of mucous in the in the epithelial lining of the 
trachea. 
 
Slide 4 – Following removal of the mucous, the PAS, Hematoxylin, and Fast 
Green staining technique was applied, and a PAS positive reaction 
was again observed within the gut contents (Figure 4.26). Tracheal 
sections were used as controls, and the epithelium lining the trachea 
became pink in colour when subjected to the PAS, Hematoxylin, and 
Fast Green staining technique, thereby indicating a PAS positive 
reaction. 
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Figure 4.26: Longitudinal section of an amphipod from Sterkfontein Cave 
following the mucous removal: PAS (Aqueous) technique. 
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Slide 5 – After the removal of the mucous and glycogen, the PAS, Hematoxylin, 
and Fast Green staining technique was performed, and a PAS positive 
reaction was again observed within the gut contents (Figure 4.27). 
Tracheal sections were used as controls, and the epithelium lining the 
trachea became pink in colour when subjected to the PAS, 
Hematoxylin, and Fast Green staining technique, thereby indicating a 
PAS positive reaction. 
 
 
Figure 4.27: Longitudinal section of an amphipod from Sterkfontein Cave 
following the glycogen removal: PAS staining kit. 
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4.5  FEEDING BEHAVIOUR OF SOUTH AFRICAN CAVE-DWELLING 
AMPHIPODS 
 
Characteristics of the four substances used in the various feeding 
experiments 
 
Bat faeces 
Bat faeces or bat guano (Figure 4.28), is composed of broken down insect parts 
and floats on the surface when added to the medium. Through close and 
continual observation, it was noted that the amphipods cling to and hide between 
the suspended bat droppings (Figure 4.29). 
 
 
Figure 4.28: Bat guano dropping collected from Ficus Cave near Polokwane. 
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Figure 4.29: Cave-dwelling amphipod clinging to the suspended bat faeces. 
 
CHAPTER 4 
 
 
 
89
 
Leaf litter 
 
Leaf litter (Figure 4.30) consists of partly decomposed vegetation, such as 
branches, twigs, and leaves. Like bat faeces, leaf litter also floats on the surface 
when added to the medium (Figure 4.31). When observing the behaviour of the 
amphipods, it was detected that the amphipods also cling to and hide between 
the suspended leaf litter debris, in the same way as they cling to the bat 
droppings. 
 
 
Figure 4.30: Leaf litter collected from the Ficus Cave entrance near Polokwane. 
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Figure 4.31: Cave-dwelling amphipod floating between the suspended leaf litter 
debris. 
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Sediment 
 
Sediment (Figure 4.32) is composed of individual soil particles that are tightly 
compacted. Unlike bat faeces and leaf litter, sediment immediately settles out at 
the bottom of the glass bottle when added to the medium. It was observed that 
shortly after the addition of the sediment the amphipods would burrow and dig 
into the sediment, and then hide between the sediment particles (Figure 4.33). 
 
 
Figure 4.32: Sediment collected from the underground lake in Ficus Cave near 
Polokwane. 
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Figure 4.33: Cave-dwelling amphipod burrowing into the sediment at the bottom 
of the Petri dish. 
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Yeast 
 
Yeast sinks to the bottom of the glass bottle, and slowly begins to break up and 
disperse throughout the 200mℓ volume of medium. Through observation it was 
determined that the amphipods dig and burrow into the yeast in the same way as 
they dig and burrow into the sediment (Figure 4.34). 
 
 
Figure 4.34: Cave-dwelling amphipod burrowing into the yeast at the bottom of 
the Petri dish. 
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4.5.1  Starvation of amphipods 
 
Table 4.2: Survivorship of 10 amphipods subjected to starving. 
AMPHIPOD DURATION OF SURVIVAL SURVIVORSHIP (IN DAYS) 
1 2006/04/25 - 2006/06/11 48 days 
2 2006/04/25 - 2006/06/13 50 days 
3 2006/04/25 - 2006/06/04 41 days 
4 2006/04/25 - 2006/06/03 40 days 
5 2006/04/25 - 2006/06/23 60 days 
6 2006/05/06 - 2006/06/09 35 days 
7 2006/05/06 - 2006/06/05 31 days 
8 2006/05/06 - 2006/06/04 30 days 
9 2006/05/06 - 2006/06/12 38 days 
10 2006/05/06 - 2006/06/07 33 days 
Average survival rate - 40.5 days 
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4.5.2  Bat faeces, leaf litter, sediment, and yeast as a food source for 
amphipods 
 
Table 4.3: Bat faeces as a food source (exponential and numerical increase) for 
cave-dwelling amphipods. 
BAT FAECES (g) DURATION OF SURVIVAL SURVIVORSHIP (IN DAYS) 
0.01g 2006/05/08 - 2006/06/15 39 days 
0.01g 2006/05/08 - 2006/06/09 33 days 
0.1g 2006/05/08 - 2006/06/11 35 days 
0.1g 2006/05/08 - 2006/06/13 37 days 
1g 2006/05/08 - 2006/06/16 40 days 
1g 2006/05/08 - 2006/06/08 32 days 
1.5g 2006/05/08 - 2006/06/09 33 days 
1.5g 2006/05/08 - 2006/06/15 39 days 
2.5g 2006/05/08 - 2006/06/07 31 days 
2.5g 2006/05/08 - 2006/06/09 33 days 
3.5g 2006/05/08 - 2006/06/26 19 days 
3.5g 2006/05/08 - 2006/06/01 25 days 
Average survival rate - 30 days 
 
Table 4.4: TDS (total dissolved salts) readings of the various amounts of bat 
faeces (TDS reading of the medium was 167ppm). 
TDS READINGS (ppm) BAT 
FAECES 
(g) WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 
0.01g 179 181 182 182 182 182 
0.01g 178 180 180 181 181 181 
0.1g 222 223 223 224 224 224 
0.1g 223 224 224 224 225 225 
1g 503 505 505 506 506 506 
1g 502 504 505 505 505 505 
1.5g 681 683 683 684 684 684 
1.5g 681 683 683 683 684 684 
2.5g 995 997 997 997 997 997 
2.5g 995 997 998 998 998 998 
3.5g 1.29ppt 1.30ppt 1.31ppt 1.31ppt 1.31ppt 1.31ppt 
3.5g 1.25ppt 1.27ppt 1.28ppt 1.28ppt 1.28ppt 1.28ppt 
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Table 4.5: Oxygen concentration readings of the various amounts of bat faeces 
(oxygen concentration reading of the medium was 5.62g/mol). 
OXYGEN CONCENTRATION (g/mol) BAT 
FAECES 
(g) WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 
0.01g 5.33 5.31 5.30 5.30 5.30 5.30 
0.01g 5.32 5.30 5.30 5.29 5.29 5.29 
0.1g 5.22 5.21 5.21 5.21 5.21 5.21 
0.1g 5.23 5.22 5.22 5.20 5.18 5.18 
1g 4.91 4.90 4.90 4.89 4.89 4.89 
1g 4.90 4.88 4.88 4.87 4.87 4.87 
1.5g 4.61 4.59 4.59 4.57 4.57 4.57 
1.5g 4.61 4.60 4.60 4.59 4.58 4.58 
2.5g 3.87 3.86 3.86 3.86 3.86 3.86 
2.5g 3.88 3.86 3.87 3.86 3.85 3.85 
3.5g 2.35 2.34 2.33 2.33 2.33 2.33 
3.5g 2.33 2.32 2.31 2.31 2.31 2.31 
 
Table 4.6: pH readings of the various amounts of bat faeces (the medium had a 
pH reading of 6.4). 
pH BAT 
FAECES 
(g) WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 
0.01g 6.8 6.9 6.6 6.6 6.6 6.6 
0.01g 6.7 6.8 6.9 6.9 6.9 6.9 
0.1g 7.3 7.4 7.5 7.5 7.5 7.5 
0.1g 7.2 7.4 7.4 7.4 7.4 7.4 
1g 7.4 7.5 7.5 7.6 7.6 7.6 
1g 7.4 7.5 7.6 7.6 7.6 7.6 
1.5g 7.3 7.5 7.5 7.5 7.5 7.5 
1.5g 7.4 7.5 7.5 7.5 7.6 7.6 
2.5g 7.1 7.2 7.3 7.3 7.3 7.3 
2.5g 7.0 7.2 7.2 7.3 7.3 7.3 
3.5g 6.9 7.1 7.1 7.1 7.1 7.1 
3.5g 7.0 7.1 7.1 7.1 7.2 7.2 
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Table 4.7: Leaf litter as a food source (exponential and numerical increase) for 
cave-dwelling amphipods. 
LEAF LITTER (g) DURATION OF SURVIVAL SURVIVORSHIP (IN DAYS) 
0.01g 2006/05/20 - 2006/08/03 76 days 
0.01g 2006/05/20 - 2006/08/01 74 days 
0.1g 2006/05/20 - 2006/08/20 93 days 
0.1g 2006/05/20 - 2006/08/28 101 days 
1g 2006/05/20 - 2006/09/13 127 days 
1g 2006/05/20 - 2006/08/17 90 days 
1.5g 2006/05/20 - 2006/07/21 63 days 
1.5g 2006/05/20 - 2006/09/13 127 days 
2.5g 2006/05/20 - 2006/07/10 52 days 
2.5g 2006/05/20 - 2006/07/12 54 days 
3.5g 2006/05/20 - 2006/06/20 32 days 
3.5g 2006/05/20 - 2006/06/16 28 days 
Average survival rate - 69 days 
 
Table 4.8: TDS (total dissolved salts) readings of the various amounts of leaf 
litter (TDS reading of the medium was 167ppm). 
TDS READINGS (ppm) LEAF 
LITTER (g) WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 
0.01g 170 171 172 172 173 173 
0.01g 168 170 171 171 172 172 
0.1g 171 173 175 175 176 176 
0.1g 172 173 174 175 175 175 
1g 188 190 191 192 192 192 
1g 190 191 192 192 193 193 
1.5g 196 197 198 198 198 198 
1.5g 195 197 197 197 198 198 
2.5g 219 220 221 222 222 223 
2.5g 219 221 222 222 222 222 
3.5g 228 230 232 232 232 232 
3.5g 229 230 232 233 233 234 
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Table 4.9: Oxygen concentration readings of the various amounts of leaf litter 
(oxygen concentration reading of the medium was 5.62g/mol). 
OXYGEN CONCENTRATION (g/mol) LEAF 
LITTER (g) WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 
0.01g 5.62 5.61 5.60 5.60 5.58 5.58 
0.01g 5.62 5.60 5.59 5.59 5.58 5.58 
0.1g 5.51 5.50 5.49 5.49 5.49 5.48 
0.1g 5.51 5.50 5.49 5.48 5.48 5.48 
1g 2.56 2.55 2.54 2.53 2.53 2.53 
1g 2.57 2.56 2.55 2.54 2.54 2.54 
1.5g 1.88 1.87 1.85 1.84 1.84 1.84 
1.5g 1.87 1.86 1.85 1.85 1.84 1.84 
2.5g 1.18 1.16 1.14 1.13 1.13 1.13 
2.5g 1.18 1.17 1.15 1.14 1.14 1.14 
3.5g 0.58 0.55 0.54 0.54 0.54 0.54 
3.5g 0.56 0.55 0.53 0.53 0.53 0.52 
 
Table 4.10: pH readings of the various amounts of leaf litter (the medium had a 
pH reading of 6.4). 
pH LEAF 
LITTER (g) WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 
0.01g 6.5 6.6 6.6 6.6 6.6 6.6 
0.01g 6.5 6.6 6.6 6.6 6.6 6.6 
0.1g 6.5 6.6 6.6 6.7 6.7 6.7 
0.1g 6.5 6.6 6.6 6.6 6.6 6.6 
1g 6.5 6.7 6.7 6.7 6.7 6.7 
1g 6.6 6.8 6.8 6.8 6.8 6.8 
1.5g 6.8 6.9 7.0 7.0 7.0 7.0 
1.5g 6.9 6.9 7.0 7.0 7.0 7.0 
2.5g 6.9 7.0 7.1 7.2 7.2 7.2 
2.5g 7.0 7.1 7.1 7.1 7.1 7.1 
3.5g 7.0 7.0 7.1 7.1 7.1 7.1 
3.5g 6.9 7.0 7.0 7.1 7.1 7.1 
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Table 4.11: Sediment as a food source (exponential and numerical increase) for 
cave-dwelling amphipods. 
SEDIMENT (g) DURATION OF SURVIVAL SURVIVORSHIP (IN DAYS) 
0.01g 2006/05/25 - 2006/07/06 50 days 
0.01g 2006/05/25 - 2006/07/07 44 days 
0.1g 2006/05/25 - 2006/07/03 40 days 
0.1g 2006/05/25 - 2006/07/03 40 days 
1g 2006/05/25 - 2006/07/01 38 days 
1g 2006/05/25 - 2006/06/30 37 days 
1.5g 2006/05/25 - 2006/06/23 30 days 
1.5g 2006/05/25 - 2006/06/27 34 days 
2.5g 2006/05/25 - 2006/06/14 21 days 
2.5g 2006/05/25 - 2006/06/15 22 days 
3.5g 2006/05/25 - 2006/06/13 20 days 
3.5g 2006/05/25 - 2006/06/12 19 days 
Average survival rate - 33 days 
 
Table 4.12: TDS (total dissolved salts) readings of the various amounts of 
sediment (TDS reading of the medium was 167ppm). 
TDS READINGS (ppm) SEDIMENT 
(g) WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 
0.01g 170 171 172 172 172 172 
0.01g 170 171 172 172 172 172 
0.1g 172 173 173 173 173 174 
0.1g 170 171 171 173 173 173 
1g 173 174 174 175 175 175 
1g 173 174 174 175 176 176 
1.5g 173 175 175 175 175 175 
1.5g 175 176 176 177 177 177 
2.5g 180 182 182 182 183 183 
2.5g 179 181 181 183 183 183 
3.5g 184 186 187 187 187 187 
3.5g 185 187 188 188 189 189 
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Table 4.13: Oxygen concentration readings of the various amounts of sediment 
(oxygen concentration reading of the medium was 5.62g/mol). 
OXYGEN CONCENTRATION (g/mol) SEDIMENT 
(g) WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 
0.01g 5.90 5.89 5.87 5.87 5.87 5.87 
0.01g 5.90 5.89 5.88 5.88 5.88 5.88 
0.1g 5.77 5.75 5.75 5.75 5.75 5.74 
0.1g 5.75 5.74 5.73 5.72 5.72 5.72 
1g 5.63 5.62 5.61 5.61 5.61 5.61 
1g 5.63 5.62 5.61 5.60 5.60 5.60 
1.5g 5.50 5.49 5.49 5.48 5.48 5.48 
1.5g 5.52 5.50 5.50 5.50 5.49 5.49 
2.5g 5.14 5.12 5.12 5.10 5.10 5.10 
2.5g 5.12 5.11 5.10 5.10 5.10 5.10 
3.5g 4.97 4.96 4.96 4.96 4.95 4.95 
3.5g 4.97 4.96 4.96 4.95 4.95 4.95 
 
Table 4.14: pH readings of the various amounts of sediment (the medium had a 
pH reading of 6.4). 
pH SEDIMENT 
(g) WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 
0.01g 6.5 6.6 6.6 6.6 6.6 6.6 
0.01g 6.5 6.5 6.5 6.5 6.5 6.5 
0.1g 6.5 6.6 6.6 6.6 6.6 6.6 
0.1g 6.5 6.6 6.6 6.6 6.6 6.6 
1g 6.9 7.0 7.1 7.1 7.1 7.1 
1g 6.8 7.0 7.1 7.1 7.1 7.1 
1.5g 7.0 7.1 7.1 7.1 7.1 7.1 
1.5g 6.9 7.1 7.2 7.2 7.2 7.2 
2.5g 7.0 7.2 7.3 7.3 7.3 7.3 
2.5g 7.1 7.3 7.3 7.3 7.3 7.3 
3.5g 7.3 7.4 7.5 7.5 7.5 7.5 
3.5g 7.2 7.4 7.4 7.4 7.4 7.4 
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Table 4.15: Yeast as a food source (exponential and numerical increase) for 
cave-dwelling amphipods. 
YEAST (g) DURATION OF SURVIVAL SURVIVORSHIP (IN DAYS) 
0.01g 2006/05/16 - 2006/06/13 29 days 
0.01g 2006/05/16 - 2006/06/11 27 days 
0.1g 2006/05/16 - 2006/05/21 5 days 
0.1g 2006/05/16 - 2006/05/24 8 days 
1g 2006/05/16 - 2006/05/19 3 days 
1g 2006/05/16 - 2006/05/19 3 days 
1.5g 2006/05/16 - 2006/05/18 2 days 
1.5g 2006/05/16 - 2006/05/18 2 days 
2.5g 2006/05/16 - 2006/05/18 2 days 
2.5g 2006/05/16 - 2006/05/18 2 days 
3.5g 2006/05/16 - 2006/05/18 2 days 
3.5g 2006/05/16 - 2006/05/18 2 days 
Average survival rate - 7 days 
 
Table 4.16: TDS (total dissolved salts) readings of the various amounts of yeast 
(TDS reading of the medium was 167ppm). 
TDS READINGS (ppm) 
YEAST (g) WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 
0.01g 175 177 178 178 178 178 
0.01g 177 178 178 178 178 178 
0.1g 183 185 185 185 185 185 
0.1g 184 186 186 186 186 186 
1g 220 222 222 222 222 222 
1g 220 221 222 222 222 222 
1.5g 235 236 237 237 237 237 
1.5g 235 237 237 237 237 237 
2.5g 259 261 262 262 262 262 
2.5g 260 262 263 263 263 263 
3.5g 309 310 311 311 311 311 
3.5g 308 310 310 310 310 310 
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Table 4.17: Oxygen concentration readings of the various amounts of yeast 
(oxygen concentration reading of the medium was 5.62g/mol). 
OXYGEN CONCENTRATION (g/mol) 
YEAST (g) WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 
0.01g 5.15 5.13 5.12 5.12 5.12 5.12 
0.01g 5.15 5.14 5.14 5.14 5.14 5.14 
0.1g 2.54 2.52 2.52 2.52 2.52 2.52 
0.1g 2.52 2.51 2.51 2.51 2.51 2.51 
1g 0.16 0.14 0.14 0.14 0.14 0.14 
1g 0.15 0.13 0.13 0.13 0.13 0.13 
1.5g 0.15 0.13 0.12 0.12 0.12 0.12 
1.5g 0.14 0.13 0.13 0.12 0.12 0.12 
2.5g 0.13 0.12 0.12 0.12 0.12 0.12 
2.5g 0.13 0.12 0.12 0.12 0.12 0.12 
3.5g 0.12 0.11 0.11 0.10 0.10 0.10 
3.5g 0.11 0.10 0.10 0.10 0.10 0.10 
 
Table 4.18: pH readings of the various amounts of yeast (the medium had a pH 
reading of 6.4). 
pH 
YEAST (g) WEEK 1 WEEK 2 WEEK 3 WEEK 4 WEEK 5 WEEK 6 
0.01g 6.5 6.5 6.5 6.5 6.5 6.5 
0.01g 6.5 6.5 6.5 6.5 6.5 6.5 
0.1g 6.7 6.7 6.7 6.7 6.7 6.7 
0.1g 6.6 6.7 6.7 6.7 6.7 6.7 
1g 6.9 7.0 7.1 7.1 7.1 7.1 
1g 6.9 7.1 7.1 7.1 7.1 7.1 
1.5g 7.0 7.1 7.2 7.2 7.2 7.2 
1.5g 7.0 7.1 7.2 7.2 7.2 7.2 
2.5g 7.2 7.2 7.3 7.3 7.3 7.3 
2.5g 7.1 7.2 7.2 7.2 7.2 7.2 
3.5g 7.3 7.4 7.5 7.5 7.5 75 
3.5g 7.3 7.4 7.4 7.4 74 7.4 
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4.5.3  0.04g of bat faeces, 0.04g of leaf litter, 0.04g of sediment, and 0.04g of 
yeast as a food source for amphipods over a period of 36 days 
 
Table 4.19: 0.04g of bat faeces, leaf litter, sediment, and yeast as a food source 
for amphipods for a period of 36 days. 
AMPHIPOD DURATION OF SURVIVAL SURVIVORSHIP (IN DAYS) 
AMPHIPOD A in BAT 
FAECES 2006/05/30 – 2006/07/01 33 days 
AMPHIPOD B in BAT 
FAECES 2006/05/30 – 2006/07/04 36 days 
AMPHIPOD A in LEAF 
LITTER 2006/05/30 – 2006/07/04 36 days 
AMPHIPOD B in LEAF 
LITTER 2006/05/30 – 2006/07/04 36 days 
AMPHIPOD A in  
SEDIMENT 2006/05/30 – 2006/07/04 36 days 
AMPHIPOD B in  
SEDIMENT 2006/05/30 – 2006/07/02 34 days 
AMPHIPOD A in  
YEAST 2006/05/30 – 2006/06/17 19 days 
AMPHIPOD B in  
YEAST 2006/05/30 – 2006/06/13 15 days 
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4.5.4.1  Twenty four hour study 
 
Table 4.20: The weight of the amphipods was recorded after gut clearing, and 
again 24 hours after the addition of the various substances. 
TEST SUBSTANCES DAY5  DAY 6 
BAT FAECES A 0.0035g 0.0035g 
BAT FAECES B 0.0026g 0.0027g 
LEAF LITTER A 0.0013g 0.0015g 
LEAF LITTER B 0.0046g 0.0047g 
SEDIMENT A 0.0048g 0.0050g 
SEDIMENT B 0.0036g 0.0039g 
YEAST A 0.0063g 0.0064g 
YEAST B 0.0060g 0.0061g 
CONTROL 0.0032g 0.0032g 
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4.5.4.2  Forty eight hour study 
 
Table 4.21: The weight of the amphipods was recorded after gut clearing, and 
again 48 hours after the addition of the various substances. 
TEST SUBSTANCES DAY5  DAY 7 
BAT FAECES A 0.0015g 0.0019g 
BAT FAECES B 0.0029g 0.0030g 
LEAF LITTER A 0.0055g 0.0056g 
LEAF LITTER B 0.0014g 0.0016g 
SEDIMENT A 0.0067g 0.0070g 
SEDIMENT B 0.0033g 0.0034g 
YEAST A 0.0050g 0.0053g 
YEAST B 0.0026g 0.0027g 
CONTROL 0.0018g 0.0018g 
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4.5.4.3  Seventy two hour study 
 
Table 4.22: The weight of the amphipods was recorded after gut clearing, and 
again 72 hours after the addition of the various substances. 
TEST SUBSTANCES DAY5  DAY 8 
BAT FAECES A 0.0017g 0.0019g 
BAT FAECES B 0.0043g 0.0044g 
LEAF LITTER A 0.0037g 0.0040g 
LEAF LITTER B 0.0019g 0.0020g 
SEDIMENT A 0.0063g 0.0064g 
SEDIMENT B 0.0015g 0.0018g 
YEAST A 0.0031g 0.0033g 
YEAST B 0.0059g 0.0061g 
CONTROL 0.0023g 0.0022g 
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4.5.5  Extraction of amphipod gut contents, to determine if bat faeces, leaf 
litter, sediment, and yeast were ingested 
 
Bat faeces 
 
 
Figure 4.35: Bat guano dropping collected from Ficus Cave near Polokwane. 
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Figure 4.36: Bat faeces extracted from the gastrointestinal tract of a cave-
dwelling amphipod, 48 hours after the addition of 0.08g of bat faeces to the 
experimental bottle. 
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Leaf litter 
 
 
Figure 4.37: Leaf litter collected from the Ficus Cave entrance near Polokwane. 
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Figure 4.38: Leaf litter extracted from the gastrointestinal tract of a cave-dwelling 
amphipod, 48 hours after the addition of 0.08g of leaf litter to the experimental 
bottle. 
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Sediment 
 
 
Figure 4.39: Sediment collected from the underground lake in Ficus Cave near 
Polokwane. 
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Figure 4.40: Sediment particles extracted from the gastrointestinal tract of a 
cave-dwelling amphipod, 48 hours after the addition of 0.08g of sediment to the 
experimental bottle. 
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Yeast 
 
 
Figure 4.41: Yeast extracted from the gastrointestinal tract of a cave-dwelling 
amphipod, 48 hours after the addition of 0.08g of yeast to the experimental 
bottle. 
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4.5.6  Predation, cannibalism, and scavenging in amphipods 
 
       
 a.      b. 
       
 c.      d. 
       
 e.      f. 
Figure 4.42a-f: Consecutive sequence of photographs, showing an amphipod 
from Irene Cave feeding on a dead amphipod from Ficus Cave. 
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 a.      b. 
 
       
 c.      d. 
 
       
 e.      f. 
 
Figure 4.43a-f: Consecutive sequence of photographs, showing an amphipod 
from Irene Cave feeding on an injured amphipod from Ficus Cave. 
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a.      b. 
 
       
c.      d. 
 
       
 e.      f. 
Figure 4.44a-f: Consecutive sequence of photographs, showing an amphipod from Irene 
Cave feeding on a living amphipod from Ficus Cave..
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   a.   b. 
 
               
 
    c.   d. 
 
               
 e.                                                         f. 
Figure 4.45a-f: Consecutive sequence of photographs, showing an amphipod 
from Ficus Cave feeding on a dead amphipod from Ficus Cave. 
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  a.      b. 
 
                 
 
    c.        d. 
 
               
 e.                                                         f. 
Figure 4.46a-f: Consecutive sequence of photographs, showing an amphipod 
from Ficus Cave feeding on an injured amphipod from Ficus Cave. 
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 a.      b. 
 
                
 
    c.          d. 
 
                
 e.                                                         f. 
Figure 4.47a-f: Consecutive sequence of photographs, showing an amphipod 
from Ficus Cave feeding on a living amphipod from Ficus Cave. 
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4.6 THE USE OF MICROBIOLOGY IN DETERMINING THE 
CONSTITUENTS OF THE GUT CONTENTS OF CAVE-
DWELLING AMPHIPODS 
4.6.1  Heterotrophic (Standard) Plate Count (Pour plate method) 
 
Table 4.23: Heterotrophic Plate Counts (HPC) of amphipod, soil, and water 
samples collected from Ficus Cave near Polokwane. 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod HPC -6 0 0   
Amphipod HPC -5 1 1   
Amphipod HPC -4 1 1   
Amphipod HPC -3 2 2   
Amphipod HPC -2 6 9   
Amphipod HPC -1 59 45 52 520 per 1mℓ 
Amphipod HPC 1mℓ overgrown overgrown   
Amphipod HPC (-)BLANK 0 0   
Amphipod HPC +CONTROL + +   
Amphipod HPC SALINE 0 0   
Soil HPC -6 0 0   
Soil HPC -5 0 0   
Soil HPC -4 0 0   
Soil HPC -3 0 0   
Soil HPC -2 0 0   
Soil HPC -1 4 3 3.5 35 per 1mℓ 
Soil HPC 1mℓ > >   
Soil HPC (-)BLANK 0 0   
Soil HPC +CONTROL + +   
Soil HPC SALINE 0 0   
Water HPC -6 0 0   
Water HPC -5 0 0   
Water HPC -4 0 0   
Water HPC -3 0 0   
Water HPC -2 1 1   
Water HPC -1 5 9 7 70 per 1mℓ 
Water HPC 1mℓ > >   
Water HPC (-)BLANK 0 0   
Water HPC +CONTROL + +   
Water HPC SALINE 0 0   
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Table 4.24: Heterotrophic Plate Counts (HPC) of amphipod, soil, and water 
samples collected from Koelenhof Cave in the Kromdraai Conservancy. 
 
 
 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION 
(DUPLICATE) AVERAGE FINAL COUNT 
Amphipod HPC -6 0 0   
Amphipod HPC -5 0 0   
Amphipod HPC -4 0 0   
Amphipod HPC -3 0 0   
Amphipod HPC -2 1 2   
Amphipod HPC -1 2 2   
Amphipod HPC 1mℓ 2 3 2.5 2.5 per 1mℓ 
Amphipod HPC (-)BLANK 0 0   
Amphipod HPC +CONTROL + +   
Amphipod HPC SALINE 0 0   
Soil HPC -6 3 4   
Soil HPC -5 4 4   
Soil HPC -4 4 5   
Soil HPC -3 11 10   
Soil HPC -2 63 64 63.5 63.5 x 102 per 1mℓ
Soil HPC -1 > >   
Soil HPC 1mℓ > >   
Soil HPC (-)BLANK 0 0   
Soil HPC +CONTROL + +   
Soil HPC SALINE 0 0   
Water HPC -6 0 0   
Water HPC -5 0 0   
Water HPC -4 0 0   
Water HPC -3 2 0   
Water HPC -2 4 6   
Water HPC -1 6 10   
Water HPC 1mℓ 11 13 12 12 per 1mℓ 
Water HPC (-)BLANK 0 0   
Water HPC +CONTROL + +   
Water HPC SALINE 0 0   
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Table 4.25: Heterotrophic Plate Counts (HPC) of amphipod, soil, and water 
samples collected from Peppercorn’s Cave near Polokwane. 
 
 
 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod HPC -6 0 0   
Amphipod HPC -5 0 0   
Amphipod HPC -4 0 0   
Amphipod HPC -3 2 0   
Amphipod HPC -2 1 2   
Amphipod HPC -1 7 8   
Amphipod HPC 1mℓ 8 14 11 11 per 1mℓ 
Amphipod HPC (-)BLANK 0 0   
Amphipod HPC +CONTROL + +   
Amphipod HPC SALINE 0 0   
Soil HPC -6 0 0   
Soil HPC -5 0 0   
Soil HPC -4 0 0   
Soil HPC -3 2 0   
Soil HPC -2 8 8   
Soil HPC -1 36 71 53.5 535 per 1mℓ 
Soil HPC 1mℓ overgrown overgrown   
Soil HPC (-)BLANK 0 0   
Soil HPC +CONTROL + +   
Soil HPC SALINE 0 0   
Water HPC -6 0 0   
Water HPC -5 0 0   
Water HPC -4 0 0   
Water HPC -3 0 0   
Water HPC -2 1 2   
Water HPC -1 3 3   
Water HPC 1mℓ 76 83 79.5 79.5 per 1mℓ 
Water HPC (-)BLANK 0 0   
Water HPC +CONTROL + +   
Water HPC SALINE 0 0   
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Table 4.26: Heterotrophic Plate Counts (HPC) of amphipod, soil, and water 
samples collected from Sterkfontein Cave in the Kromdraai Conservancy. 
 
 
 
 
 
 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod HPC -6 0 0   
Amphipod HPC -5 0 0   
Amphipod HPC -4 0 0   
Amphipod HPC -3 0 0   
Amphipod HPC -2 0 0   
Amphipod HPC -1 3 0   
Amphipod HPC 1mℓ 38 37 37.5 37.5 per 1mℓ 
Amphipod HPC (-)BLANK 0 0   
Amphipod HPC +CONTROL + +   
Amphipod HPC SALINE 0 0   
Soil HPC -6 0 0   
Soil HPC -5 0 0   
Soil HPC -4 2 3   
Soil HPC -3 22 10 16 16 x 103 per 1mℓ 
Soil HPC -2 81 104   
Soil HPC -1 > >   
Soil HPC 1mℓ > >   
Soil HPC (-)BLANK 0 0   
Soil HPC +CONTROL + +   
Soil HPC SALINE 0 0   
Water HPC -6 0 0   
Water HPC -5 1 0   
Water HPC -4 0 3   
Water HPC -3 7 7   
Water HPC -2 36 42 39 3.9 x 103 per 1mℓ
Water HPC -1 294 294   
Water HPC 1mℓ > >   
Water HPC (-)BLANK 0 0   
Water HPC +CONTROL + +   
Water HPC SALINE 0 0   
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Figure 4.48: Heterotrophic Plate Count, performed in duplicate, of a 1mℓ soil 
sample from Ficus Cave near Polokwane. 
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4.6.2  Total coliforms (Membrane filtration procedure) 
 
Table 4.27: Total Coliform Counts (TC) of amphipod, soil, and water samples 
collected from Ficus Cave near Polokwane. 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod TC -6 0 0   
Amphipod TC -5 0 0   
Amphipod TC -4 0 0   
Amphipod TC -3 0 0   
Amphipod TC -2 0 0   
Amphipod TC -1 0 0   
Amphipod TC 1mℓ 0 0 0 0 per 1mℓ 
Amphipod TC (-)BLANK 0 0   
Amphipod TC +CONTROL + +   
Amphipod TC SALINE 0 0   
Soil TC -6 0 0   
Soil TC -5 0 0   
Soil TC -4 0 0   
Soil TC -3 0 0   
Soil TC -2 0 0   
Soil TC -1 1 1   
Soil TC 1mℓ 2 2 2 200 per 100mℓ 
Soil TC 10mℓ background background   
Soil TC 100mℓ background background   
Soil TC (-)BLANK 0 0   
Soil TC +CONTROL + +   
Soil TC SALINE 0 0   
Water TC -6 0 0   
Water TC -5 0 0   
Water TC -4 0 0   
Water TC -3 0 0   
Water TC -2 0 0   
Water TC -1 0 0   
Water TC 1mℓ 4 4   
Water TC 10mℓ 44 40 42 420 per 100mℓ 
Water TC 100mℓ > >   
Water TC (-)BLANK 0 0   
Water TC +CONTROL + +   
Water TC SALINE 0 0   
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Table 4.28: Total Coliform Counts (TC) of amphipod, soil, and water samples 
collected from Koelenhof Cave in the Kromdraai Conservancy. 
 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT 
Amphipod TC -6 0 0   
Amphipod TC -5 0 0   
Amphipod TC -4 0 0   
Amphipod TC -3 0 0   
Amphipod TC -2 0 0   
Amphipod TC -1 0 0   
Amphipod TC 1mℓ 0 0 0 0 per 1mℓ 
Amphipod TC (-)BLANK 0 0   
Amphipod TC +CONTROL + +   
Amphipod TC SALINE 0 0   
Soil TC -6 0 0   
Soil TC -5 0 0   
Soil TC -4 0 0   
Soil TC -3 0 1   
Soil TC -2 1 3   
Soil TC -1 14 23 18.5 18.5 x 103 per 100mℓ 
Soil TC 1mℓ 5 5   
Soil TC 10mℓ 6 4   
Soil TC 100mℓ background background   
Soil TC (-)BLANK 0 0   
Soil TC +CONTROL + +   
Soil TC SALINE 0 0   
Water TC -6 0 0   
Water TC -5 0 0   
Water TC -4 0 0   
Water TC -3 0 0   
Water TC -2 0 0   
Water TC -1 0 0   
Water TC 1mℓ 42 83 62.5 62.5 x 102 per 100mℓ 
Water TC 10mℓ 307 304   
Water TC 100mℓ > >   
Water TC (-)BLANK 0 0   
Water TC +CONTROL + +   
Water TC SALINE 0 0   
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Table 4.29: Total Coliform Counts (TC) of amphipod, soil, and water samples 
collected from Peppercorn’s Cave near Polokwane. 
 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE 
FINAL 
COUNT 
Amphipod TC -6 0 0   
Amphipod TC -5 0 0   
Amphipod TC -4 0 0   
Amphipod TC -3 0 0   
Amphipod TC -2 0 0   
Amphipod TC -1 0 0   
Amphipod TC 1mℓ 0 0 0 0 per 1mℓ 
Amphipod TC (-)BLANK 0 0   
Amphipod TC +CONTROL + +   
Amphipod TC SALINE 0 0   
Soil TC -6 0 0   
Soil TC -5 0 0   
Soil TC -4 0 0   
Soil TC -3 0 0   
Soil TC -2 0 0   
Soil TC -1 1 1   
Soil TC 1mℓ 1 5 3  300 per 100mℓ
Soil TC 10mℓ background background   
Soil TC 100mℓ background background   
Soil TC (-)BLANK 0 0   
Soil TC +CONTROL + +   
Soil TC SALINE 0 0   
Water TC -6 0 0   
Water TC -5 0 0   
Water TC -4 0 0   
Water TC -3 0 0   
Water TC -2 0 0   
Water TC -1 3 2   
Water TC 1mℓ 13 7   
Water TC 10mℓ 37 69 53 530 per 100mℓ
Water TC 100mℓ overgrown overgrown   
Water TC (-)BLANK 0 0   
Water TC +CONTROL + +   
Water TC SALINE 0 0   
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Table 4.30: Total Coliform Counts (TC) of amphipod, soil, and water samples 
collected from Sterkfontein Cave in the Kromdraai Conservancy. 
 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod TC -6 0 0   
Amphipod TC -5 0 0   
Amphipod TC -4 0 0   
Amphipod TC -3 0 0   
Amphipod TC -2 0 0   
Amphipod TC -1 0 0   
Amphipod TC 1mℓ 0 0 0 0 per 1mℓ 
Amphipod TC (-)BLANK 0 0   
Amphipod TC +CONTROL + +   
Amphipod TC SALINE 0 0   
Soil TC -6 0 0   
Soil TC -5 0 0   
Soil TC -4 0 0   
Soil TC -3 0 0   
Soil TC -2 0 0   
Soil TC -1 0 0   
Soil TC 1mℓ 0 2   
Soil TC 10mℓ 14 8 11 110 per 100mℓ 
Soil TC 100mℓ background; metallic   
Soil TC (-)BLANK 0 0   
Soil TC +CONTROL + +   
Soil TC SALINE 0 0   
Water TC -6 0 0   
Water TC -5 0 0   
Water TC -4 0 0   
Water TC -3 0 0   
Water TC -2 0 1   
Water TC -1 0 2   
Water TC 1mℓ 3 1   
Water TC 10mℓ 18 27 22.5 230 per 100mℓ 
Water TC 100mℓ 225 182   
Water TC (-)BLANK 0 0   
Water TC +CONTROL + +   
Water TC SALINE 0 0   
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Figure 4.49: Total Coliform Count, performed in duplicate. The countable 
colonies are identified by the resulting green, metallic sheen. 
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4.6.3  Faecal Coliforms (Membrane filtration procedure) 
 
Table 4.31: Faecal Coliform Counts (FC) of amphipod, soil, and water samples 
collected from Ficus Cave near Polokwane. 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod FC -6 0 0   
Amphipod FC -5 0 0   
Amphipod FC -4 0 0   
Amphipod FC -3 0 0   
Amphipod FC -2 0 0   
Amphipod FC -1 0 0   
Amphipod FC 1mℓ 0 0 0 0 per 1mℓ 
Amphipod FC (-)BLANK 0 0   
Amphipod FC +CONTROL + +   
Amphipod FC SALINE 0 0   
Soil FC -6 0 0   
Soil FC -5 0 0   
Soil FC -4 0 0   
Soil FC -3 0 0   
Soil FC -2 0 0   
Soil FC -1 0 0   
Soil FC 1mℓ 0 0   
Soil FC 10mℓ 0 0   
Soil FC 100mℓ 6 2 4 4 per 100mℓ 
Soil FC (-)BLANK 0 0   
Soil FC +CONTROL + +   
Soil FC SALINE 0 0   
Water FC -6 0 0   
Water FC -5 0 0   
Water FC -4 0 0   
Water FC -3 0 0   
Water FC -2 0 0   
Water FC -1 0 0   
Water FC 1mℓ 0 1   
Water FC 10mℓ 0 1   
Water FC 100mℓ 1 1 1 1 per 100mℓ 
Water FC (-)BLANK 0 0   
Water FC +CONTROL + +   
Water FC SALINE 0 0   
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Table 4.32: Faecal Coliform Counts (FC) of amphipod, soil, and water samples 
collected from Koelenhof Cave in the Kromdraai Conservancy. 
 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod FC -6 0 0   
Amphipod FC -5 0 0   
Amphipod FC -4 0 0   
Amphipod FC -3 0 0   
Amphipod FC -2 0 0   
Amphipod FC -1 0 0   
Amphipod FC 1mℓ 0 0 0 0 per 1mℓ 
Amphipod FC (-)BLANK 0 0   
Amphipod FC +CONTROL + +   
Amphipod FC SALINE 0 0   
Soil FC -6 0 0   
Soil FC -5 0 0   
Soil FC -4 0 0   
Soil FC -3 0 0   
Soil FC -2 0 0   
Soil FC -1 0 0   
Soil FC 1mℓ 1 0   
Soil FC 10mℓ 4 4 4 40 per 100mℓ 
Soil FC 100mℓ background background   
Soil FC (-)BLANK 0 0   
Soil FC +CONTROL + +   
Soil FC SALINE 0 0   
Water FC -6 0 0   
Water FC -5 0 0   
Water FC -4 0 0   
Water FC -3 0 0   
Water FC -2 0 0   
Water FC -1 0 0   
Water FC 1mℓ 0 3   
Water FC 10mℓ 6 8   
Water FC 100mℓ 77 78 77.5 78 per 100mℓ 
Water FC (-)BLANK 0 0   
Water FC +CONTROL + +   
Water FC SALINE 0 0   
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Table 4.33: Faecal Coliform Counts (FC) of amphipod, soil, and water samples 
collected from Peppercorn’s Cave near Polokwane. 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod FC -6 0 0   
Amphipod FC -5 0 0   
Amphipod FC -4 0 0   
Amphipod FC -3 0 0   
Amphipod FC -2 0 0   
Amphipod FC -1 0 0   
Amphipod FC 1mℓ 0 0 0 0 per 1mℓ 
Amphipod FC (-)BLANK 0 0   
Amphipod FC +CONTROL + +   
Amphipod FC SALINE 0 0   
Soil FC -6 0 0   
Soil FC -5 0 0   
Soil FC -4 0 0   
Soil FC -3 0 0   
Soil FC -2 0 0   
Soil FC -1 0 0   
Soil FC 1mℓ 0 0   
Soil FC 10mℓ 1 1   
Soil FC 100mℓ 4 4 4 4 per 100mℓ 
Soil FC (-)BLANK 0 0   
Soil FC +CONTROL + +   
Soil FC SALINE 0 0   
Water FC -6 0 0   
Water FC -5 0 0   
Water FC -4 0 0   
Water FC -3 0 0   
Water FC -2 0 0   
Water FC -1 0 0   
Water FC 1mℓ 0 0   
Water FC 10mℓ 0 0   
Water FC 100mℓ 0 8 4 4 per 100mℓ 
Water FC (-)BLANK 0 0   
Water FC +CONTROL + +   
Water FC SALINE 0 0   
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Table 4.34: Faecal Coliform Counts (FC) of amphipod, soil, and water samples 
collected from Sterkfontein Cave in the Kromdraai Conservancy. 
 
 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod FC -6 0 0   
Amphipod FC -5 0 0   
Amphipod FC -4 0 0   
Amphipod FC -3 0 0   
Amphipod FC -2 0 0   
Amphipod FC -1 0 0   
Amphipod FC 1mℓ 0 0 0 0 per 1mℓ 
Amphipod FC (-)BLANK 0 0   
Amphipod FC +CONTROL + +   
Amphipod FC SALINE 0 0   
Soil FC -6 0 0   
Soil FC -5 0 0   
Soil FC -4 0 0   
Soil FC -3 0 0   
Soil FC -2 0 0   
Soil FC -1 0 0   
Soil FC 1mℓ 0 0   
Soil FC 10mℓ 9 1   
Soil FC 100mℓ 3 22 12.5 12.5 per 100mℓ 
Soil FC (-)BLANK 0 0   
Soil FC +CONTROL + +   
Soil FC SALINE 0 0   
Water FC -6 0 0   
Water FC -5 0 0   
Water FC -4 0 0   
Water FC -3 0 0   
Water FC -2 0 0   
Water FC -1 0 0   
Water FC 1mℓ 0 0   
Water FC 10mℓ 0 0   
Water FC 100mℓ 0 0 0 0 per 100mℓ 
Water FC (-)BLANK 0 0   
Water FC +CONTROL + +   
Water FC SALINE 0 0   
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Figure 4.50: Faecal Coliform Count, performed in duplicate, of a 1000mℓ water 
sample from Peppercorn’s Cave near Polokwane. 
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4.6.4  Confirmatory test for Escherichia coli 
 
Table 4.35: Confirmation of Escherichia coli in the soil and water samples 
collected from the four caves. 
CAVE FICUS KOELENHOF PEPPERCORN’S STERKFONTEIN
E.coli confirmation: 
SOIL 
 
 
 
1 out of 4 Faecal 
coliform colonies 
contained E.coli 
 
 
2 out of 5 Faecal 
coliform colonies 
contained E.coli 
 
 
1 out of 4 Faecal 
coliform colonies 
contained E.coli 
 
 
13 out of 22 Faecal 
coliform colonies 
contained E.coli 
 
 
E.coli confirmation: 
WATER 
 
 
 
1 out of 2 Faecal 
coliform colonies 
contained E.coli 
 
 
14 out of 21 
Faecal coliform 
colonies contained 
E.coli 
 
1 out of 4 Faecal 
coliform colonies 
contained E.coli 
 
 
------------------ 
 
 
 
 
 
 
Figure 4.51: The presence of E.coli in a faecal coliform colony is indicated by a 
pink colour reaction. 
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4.6.5  Faecal Streptococci/Enterococci (Membrane filtration procedure) 
 
Table 4.36: Faecal Streptococcus Counts (FS) of amphipod, soil, and water 
samples collected from Ficus Cave near Polokwane. 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod FS -6 0 0   
Amphipod FS -5 0 0   
Amphipod FS -4 0 0   
Amphipod FS -3 0 0   
Amphipod FS -2 0 0   
Amphipod FS -1 0 0   
Amphipod FS 1mℓ 0 0 0 0 per 1mℓ 
Amphipod FS (-)BLANK 0 0   
Amphipod FS +CONTROL + +   
Amphipod FS SALINE 0 0   
Soil FS -6 0 0   
Soil FS -5 0 0   
Soil FS -4 0 0   
Soil FS -3 0 0   
Soil FS -2 0 0   
Soil FS -1 0 0   
Soil FS 1mℓ 0 0   
Soil FS 10mℓ 0 0   
Soil FS 100mℓ 0 0 0 0 per 100mℓ 
Soil FS (-)BLANK 0 0   
Soil FS +CONTROL + +   
Soil FS SALINE 0 0   
Water FS -6 0 0   
Water FS -5 0 0   
Water FS -4 0 0   
Water FS -3 0 0   
Water FS -2 0 0   
Water FS -1 0 0   
Water FS 1mℓ 0 0   
Water FS 10mℓ 0 0   
Water FS 100mℓ 0 0 0 0 per 100mℓ 
Water FS (-)BLANK 0 0   
Water FS +CONTROL + +   
Water FS SALINE 0 0   
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Table 4.37: Faecal Streptococcus Counts (FS) of amphipod, soil, and water 
samples collected from Koelenhof Cave in the Kromdraai Conservancy. 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod FS -6 0 0   
Amphipod FS -5 0    
Amphipod FS -4 0 0   
Amphipod FS -3 0 0   
Amphipod FS -2 0 0   
Amphipod FS -1 0 0   
Amphipod FS 1mℓ 0 0 0 0 per 1mℓ 
Amphipod FS (-)BLANK 0 0   
Amphipod FS +CONTROL + +   
Amphipod FS SALINE 0 0   
Soil FS -6 0 0   
Soil FS -5 0 0   
Soil FS -4 0 0   
Soil FS -3 0 0   
Soil FS -2 0 0   
Soil FS -1 0 0   
Soil FS 1mℓ 0 1   
Soil FS 10mℓ 10 5 7.5 75 per 100mℓ 
Soil FS 100mℓ background background   
Soil FS (-)BLANK 0 0   
Soil FS +CONTROL + +   
Soil FS SALINE 0 0   
Water FS -6 0 0   
Water FS -5 0 0   
Water FS -4 0 0   
Water FS -3 0 0   
Water FS -2 0 0   
Water FS -1 0 0   
Water FS 1mℓ 2 0   
Water FS 10mℓ 2 9   
Water FS 100mℓ 46 60 53 53 per 100mℓ 
Water FS (-)BLANK 0 0   
Water FS +CONTROL + +   
Water FS SALINE 0 0   
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Table 4.38: Faecal Streptococcus Counts (FS) of amphipod, soil, and water 
samples collected from Peppercorn’s Cave near Polokwane. 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod FS -6 0 0   
Amphipod FS -5 0 0   
Amphipod FS -4 0 0   
Amphipod FS -3 0 0   
Amphipod FS -2 0 0   
Amphipod FS -1 0 0   
Amphipod FS 1mℓ 0 0 0 0 per 1mℓ 
Amphipod FS (-)BLANK 0 0   
Amphipod FS +CONTROL + +   
Amphipod FS SALINE 0 0   
Soil FS -6 0 0   
Soil FS -5 0 0   
Soil FS -4 0 0   
Soil FS -3 0 0   
Soil FS -2 0 0   
Soil FS -1 0 0   
Soil FS 1mℓ 1 7   
Soil FS 10mℓ 66 63 64.5 645 per 100mℓ 
Soil FS 100mℓ 148 162   
Soil FS (-)BLANK 0 0   
Soil FS +CONTROL + +   
Soil FS SALINE 0 0   
Water FS -6 0 0   
Water FS -5 0 0   
Water FS -4 0 0   
Water FS -3 0 0   
Water FS -2 0 0   
Water FS -1 0 0   
Water FS 1mℓ 1 0   
Water FS 10mℓ 1 1   
Water FS 100mℓ 14 26 20 20 per 100mℓ 
Water FS (-)BLANK 0 0   
Water FS +CONTROL + +   
Water FS SALINE 0 0   
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Table 4.39: Faecal Streptococcus Counts (FS) of amphipod, soil, and water 
samples collected from Sterkfontein Cave in the Kromdraai Conservancy. 
 
 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod FS -6 0 0   
Amphipod FS -5 0 0   
Amphipod FS -4 0 0   
Amphipod FS -3 0 0   
Amphipod FS -2 0 0   
Amphipod FS -1 0 0   
Amphipod FS 1mℓ 0 0 0 0 per 1mℓ 
Amphipod FS (-)BLANK 0 0   
Amphipod FS +CONTROL + +   
Amphipod FS SALINE 0 0   
Soil FS -6 0 0   
Soil FS -5 0 0   
Soil FS -4 0 0   
Soil FS -3 0 0   
Soil FS -2 0 0   
Soil FS -1 0 0   
Soil FS 1mℓ 3 1   
Soil FS 10mℓ 17 9   
Soil FS 100mℓ 19 9 14 14 per 100mℓ 
Soil FS (-)BLANK 0 0   
Soil FS +CONTROL + +   
Soil FS SALINE 0 0   
Water FS -6 0 0   
Water FS -5 0 0   
Water FS -4 0 0   
Water FS -3 0 0   
Water FS -2 0 0   
Water FS -1 0 0   
Water FS 1mℓ 1 1   
Water FS 10mℓ 1 2   
Water FS 100mℓ 35 33 34 34 per 100mℓ 
Water FS (-)BLANK 0 0   
Water FS +CONTROL + +   
Water FS SALINE 0 0   
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Figure 4.52: Faecal Streptococcus Count, performed in duplicate, of a 100mℓ 
soil sample from Sterkfontein Cave in the Kromdraai Conservancy. 
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4.6.6  Clostridium (Membrane filtration procedure) 
 
Table 4.40: Confirmation of Clostridium spp. in amphipod, soil, and water 
samples collected from Ficus Cave near Polokwane. 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod Clostridium -6 0 0   
Amphipod Clostridium -5 0 0   
Amphipod Clostridium -4 0 0   
Amphipod Clostridium -3 0 0   
Amphipod Clostridium -2 0 0   
Amphipod Clostridium -1 0 0   
Amphipod Clostridium 1mℓ 0 0 0 0 per 1mℓ 
Amphipod Clostridium (-)BLANK 0 0   
Amphipod Clostridium +CONTROL + +   
Amphipod Clostridium SALINE 0 0   
Soil Clostridium -6 0 0   
Soil Clostridium -5 0 0   
Soil Clostridium -4 0 0   
Soil Clostridium -3 0 0   
Soil Clostridium -2 0 0   
Soil Clostridium -1 1 2   
Soil Clostridium 1mℓ 13 11 12 12 x 102 per 100mℓ 
Soil Clostridium 10mℓ > >   
Soil Clostridium 100mℓ > >   
Soil Clostridium (-)BLANK 0 0   
Soil Clostridium +CONTROL + +   
Soil Clostridium SALINE 0 0   
Water Clostridium -6 0 0   
Water Clostridium -5 0 0   
Water Clostridium -4 0 0   
Water Clostridium -3 0 0   
Water Clostridium -2 0 0   
Water Clostridium -1 0 0   
Water Clostridium 1mℓ 0 0   
Water Clostridium 10mℓ 0 0   
Water Clostridium 100mℓ 0 0 0 0 per 100mℓ 
Water Clostridium (-)BLANK 0 0   
Water Clostridium +CONTROL + +   
Water Clostridium SALINE 0 0   
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Table 4.41: Confirmation of Clostridium spp. in amphipod, soil, and water 
samples collected from Koelenhof Cave in the Kromdraai Conservancy. 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod Clostridium -6 0 0   
Amphipod Clostridium -5 0 0   
Amphipod Clostridium -4 0 0   
Amphipod Clostridium -3 0 0   
Amphipod Clostridium -2 0 0   
Amphipod Clostridium -1 0 0   
Amphipod Clostridium 1mℓ 0 0 0 0 per 1mℓ 
Amphipod Clostridium (-)BLANK 0 0   
Amphipod Clostridium +CONTROL + +   
Amphipod Clostridium SALINE 0 0   
Soil Clostridium -6 0 0   
Soil Clostridium -5 0 0   
Soil Clostridium -4 0 0   
Soil Clostridium -3 0 0   
Soil Clostridium -2 0 0   
Soil Clostridium -1 0 0   
Soil Clostridium 1mℓ 1 0   
Soil Clostridium 10mℓ 3 5   
Soil Clostridium 100mℓ 37 43 40 40 per 100mℓ 
Soil Clostridium (-)BLANK 0 0   
Soil Clostridium +CONTROL + +   
Soil Clostridium SALINE 0 0   
Water Clostridium -6 0 0   
Water Clostridium -5 0 0   
Water Clostridium -4 0 0   
Water Clostridium -3 0 0   
Water Clostridium -2 0 0   
Water Clostridium -1 0 0   
Water Clostridium 1mℓ 0 0   
Water Clostridium 10mℓ 0 0   
Water Clostridium 100mℓ 1 1 1 1 per 100mℓ 
Water Clostridium (-)BLANK 0 0   
Water Clostridium +CONTROL + +   
Water Clostridium SALINE 0 0   
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Table 4.42: Confirmation of Clostridium spp. in amphipod, soil, and water 
samples collected from Peppercorn’s Cave near Polokwane. 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod Clostridium -6 0 0   
Amphipod Clostridium -5 0 0   
Amphipod Clostridium -4 0 0   
Amphipod Clostridium -3 0 0   
Amphipod Clostridium -2 0 0   
Amphipod Clostridium -1 0 0   
Amphipod Clostridium 1mℓ 0 0 0 0 per 1mℓ 
Amphipod Clostridium (-)BLANK 0 0   
Amphipod Clostridium +CONTROL + +   
Amphipod Clostridium SALINE 0 0   
Soil Clostridium -6 0 0   
Soil Clostridium -5 0 0   
Soil Clostridium -4 0 0   
Soil Clostridium -3 0 0   
Soil Clostridium -2 0 0   
Soil Clostridium -1 0 0   
Soil Clostridium 1mℓ 3 2   
Soil Clostridium 10mℓ 4 1   
Soil Clostridium 100mℓ 11 7 9 900 per 100mℓ 
Soil Clostridium (-)BLANK 0 0   
Soil Clostridium +CONTROL + +   
Soil Clostridium SALINE 0 0   
Water Clostridium -6 0 0   
Water Clostridium -5 0 0   
Water Clostridium -4 0 0   
Water Clostridium -3 0 0   
Water Clostridium -2 0 0   
Water Clostridium -1 0 0   
Water Clostridium 1mℓ 0 0   
Water Clostridium 10mℓ 0 0   
Water Clostridium 100mℓ 0 0 0 0 per 100mℓ 
Water Clostridium (-)BLANK 0 0   
Water Clostridium +CONTROL + +   
Water Clostridium SALINE 0 0   
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Table 4.43: Confirmation of Clostridium spp. in amphipod, soil, and water 
samples collected from Sterkfontein Cave in the Kromdraai Conservancy. 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod Clostridium -6 0 0   
Amphipod Clostridium -5 0 0   
Amphipod Clostridium -4 0 0   
Amphipod Clostridium -3 0 0   
Amphipod Clostridium -2 0 0   
Amphipod Clostridium -1 0 0   
Amphipod Clostridium 1mℓ 0 0 0 0 per 1mℓ 
Amphipod Clostridium (-)BLANK 0 0   
Amphipod Clostridium +CONTROL + +   
Amphipod Clostridium SALINE 0 0   
Soil Clostridium -6 0 0   
Soil Clostridium -5 0 0   
Soil Clostridium -4 0 0   
Soil Clostridium -3 0 0   
Soil Clostridium -2 0 0   
Soil Clostridium -1 0 0   
Soil Clostridium 1mℓ 0 1   
Soil Clostridium 10mℓ 5 2   
Soil Clostridium 100mℓ 42 64 53 53 per 100mℓ 
Soil Clostridium (-)BLANK 0 0   
Soil Clostridium +CONTROL + +   
Soil Clostridium SALINE 0 0   
Water Clostridium -6 0 0   
Water Clostridium -5 0 0   
Water Clostridium -4 0 0   
Water Clostridium -3 0 0   
Water Clostridium -2 0 0   
Water Clostridium -1 0 0   
Water Clostridium 1mℓ 0 0   
Water Clostridium 10mℓ 0 0   
Water Clostridium 100mℓ 0 3 1.5 1.5 per 100mℓ 
Water Clostridium (-)BLANK 0 0   
Water Clostridium +CONTROL + +   
Water Clostridium SALINE 0 0   
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4.6.7  Pseudomonas (Membrane filtration procedure) 
 
Table 4.44: Detection of Pseudomonas spp. in amphipod, soil, and water 
samples collected from Ficus Cave near Polokwane. 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT 
Amphipod Pseudomonas -6 0 0   
Amphipod Pseudomonas -5 0 0   
Amphipod Pseudomonas -4 0 0   
Amphipod Pseudomonas -3 0 0   
Amphipod Pseudomonas -2 0 0   
Amphipod Pseudomonas -1 2 4   
Amphipod Pseudomonas 1mℓ 23 37 30 30 per 1mℓ 
Amphipod Pseudomonas (-)BLANK 0 0   
Amphipod Pseudomonas +CONTROL + +   
Amphipod Pseudomonas SALINE 0 0   
Soil Pseudomonas -6 0 0   
Soil Pseudomonas -5 0 0   
Soil Pseudomonas -4 0 0   
Soil Pseudomonas -3 0 0   
Soil Pseudomonas -2 40 49 44.5 44.5 x 104 per 100mℓ 
Soil Pseudomonas -1 286 307   
Soil Pseudomonas 1mℓ overgrown overgrown   
Soil Pseudomonas 10mℓ overgrown overgrown   
Soil Pseudomonas 100mℓ overgrown overgrown   
Soil Pseudomonas (-)BLANK 0 0   
Soil Pseudomonas +CONTROL + +   
Soil Pseudomonas SALINE 0 0   
Water Pseudomonas -6 0 0   
Water Pseudomonas -5 0 0   
Water Pseudomonas -4 0 0   
Water Pseudomonas -3 0 0   
Water Pseudomonas -2 3 3   
Water Pseudomonas -1 54 44 49 4.9 x 104 per 100mℓ 
Water Pseudomonas 1mℓ overgrown overgrown   
Water Pseudomonas 10mℓ overgrown overgrown   
Water Pseudomonas 100mℓ overgrown overgrown   
Water Pseudomonas (-)BLANK 0 0   
Water Pseudomonas +CONTROL + +   
Water Pseudomonas SALINE 0 0   
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Table 4.45: Detection of Pseudomonas spp. in amphipod, soil, and water 
samples collected from Koelenhof Cave in the Kromdraai Conservancy. 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod Pseudomonas -6 0 0   
Amphipod Pseudomonas -5 0 0   
Amphipod Pseudomonas -4 0 0   
Amphipod Pseudomonas -3 0 0   
Amphipod Pseudomonas -2 0 0   
Amphipod Pseudomonas -1 0 0   
Amphipod Pseudomonas 1mℓ 17 13 15 15 per 1mℓ 
Amphipod Pseudomonas (-)BLANK 0 0   
Amphipod Pseudomonas +CONTROL + +   
Amphipod Pseudomonas SALINE 0 0   
Soil Pseudomonas -6 0 0   
Soil Pseudomonas -5 0 0   
Soil Pseudomonas -4 0 0   
Soil Pseudomonas -3 0 1   
Soil Pseudomonas -2 2 1   
Soil Pseudomonas -1 3 2   
Soil Pseudomonas 1mℓ 65 79 72 7.2 x 103 per 100mℓ
Soil Pseudomonas 10mℓ overgrown overgrown   
Soil Pseudomonas 100mℓ overgrown overgrown   
Soil Pseudomonas (-)BLANK 0 0   
Soil Pseudomonas +CONTROL + +   
Soil Pseudomonas SALINE 0 0   
Water Pseudomonas -6 0 0   
Water Pseudomonas -5 0 0   
Water Pseudomonas -4 1 0   
Water Pseudomonas -3 1 2   
Water Pseudomonas -2 30 46 38 3.8 x 105 per 100mℓ
Water Pseudomonas -1 overgrown overgrown   
Water Pseudomonas 1mℓ overgrown overgrown   
Water Pseudomonas 10mℓ overgrown overgrown   
Water Pseudomonas 100mℓ overgrown overgrown   
Water Pseudomonas (-)BLANK 0 0   
Water Pseudomonas +CONTROL + +   
Water Pseudomonas SALINE 0 0   
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Table 4.46: Detection of Pseudomonas spp. in amphipod, soil, and water 
samples collected from Peppercorn’s Cave near Polokwane. 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod Pseudomonas -6 0 0   
Amphipod Pseudomonas -5 0 0   
Amphipod Pseudomonas -4 0 0   
Amphipod Pseudomonas -3 0 0   
Amphipod Pseudomonas -2 1 0   
Amphipod Pseudomonas -1 1 1   
Amphipod Pseudomonas 1mℓ 31 15 23 23 per 1mℓ 
Amphipod Pseudomonas (-)BLANK 0 0   
Amphipod Pseudomonas +CONTROL + +   
Amphipod Pseudomonas SALINE 0 0   
Soil Pseudomonas -6 0 0   
Soil Pseudomonas -5 0 0   
Soil Pseudomonas -4 0 0   
Soil Pseudomonas -3 0 0   
Soil Pseudomonas -2 41 35 38 3.8 x 104 per 100mℓ
Soil Pseudomonas -1 254 291   
Soil Pseudomonas 1mℓ overgrown overgrown   
Soil Pseudomonas 10mℓ overgrown overgrown   
Soil Pseudomonas 100mℓ overgrown overgrown   
Soil Pseudomonas (-)BLANK 0 0   
Soil Pseudomonas +CONTROL + +   
Soil Pseudomonas SALINE 0 0   
Water Pseudomonas -6 0 0   
Water Pseudomonas -5 0 0   
Water Pseudomonas -4 0 0   
Water Pseudomonas -3 0 0   
Water Pseudomonas -2 0 2   
Water Pseudomonas -1 29 43 36 3.6 x 104 per 100mℓ
Water Pseudomonas 1mℓ overgrown overgrown   
Water Pseudomonas 10mℓ overgrown overgrown   
Water Pseudomonas 100mℓ overgrown overgrown   
Water Pseudomonas (-)BLANK 0 0   
Water Pseudomonas +CONTROL + +   
Water Pseudomonas SALINE 0 0   
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Table 4.47: Detection of Pseudomonas spp. in amphipod, soil, and water 
samples collected from Sterkfontein Cave in the Kromdraai Conservancy. 
 
 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod Pseudomonas -6 0 0   
Amphipod Pseudomonas -5 0 0   
Amphipod Pseudomonas -4 0 0   
Amphipod Pseudomonas -3 0 0   
Amphipod Pseudomonas -2 0 2   
Amphipod Pseudomonas -1 5 1   
Amphipod Pseudomonas 1mℓ 23 17 20 20 per 1mℓ 
Amphipod Pseudomonas (-)BLANK 0 0   
Amphipod Pseudomonas +CONTROL + +   
Amphipod Pseudomonas SALINE 0 0   
Soil Pseudomonas -6 0 0   
Soil Pseudomonas -5 0 0   
Soil Pseudomonas -4 0 1   
Soil Pseudomonas -3 1 2   
Soil Pseudomonas -2 10 9   
Soil Pseudomonas -1 87 105 96 9.6 x 104 per 100mℓ
Soil Pseudomonas 1mℓ overgrown overgrown   
Soil Pseudomonas 10mℓ overgrown overgrown   
Soil Pseudomonas 100mℓ overgrown overgrown   
Soil Pseudomonas (-)BLANK 0 0   
Soil Pseudomonas +CONTROL + +   
Soil Pseudomonas SALINE 0 0   
Water Pseudomonas -6 0 0   
Water Pseudomonas -5 0 0   
Water Pseudomonas -4 0 1   
Water Pseudomonas -3 1 1   
Water Pseudomonas -2 52 42 47 4.7 x 105 per 100mℓ
Water Pseudomonas -1 overgrown overgrown   
Water Pseudomonas 1mℓ overgrown overgrown   
Water Pseudomonas 10mℓ overgrown overgrown   
Water Pseudomonas 100mℓ overgrown overgrown   
Water Pseudomonas (-)BLANK 0 0   
Water Pseudomonas +CONTROL + +   
Water Pseudomonas SALINE 0 0   
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Figure 4.53: Pseudomonas spp. Confirmation Count, performed in duplicate, of 
a 100mℓ water sample from Ficus Cave near Polokwane. The countable colonies 
are identified by the cream colour they produce. 
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3.6.8  Detection of Salmonella spp. (Presence / Absence) 
 
Table 4.48: Detection of Salmonella spp. in amphipod, soil, and water samples 
collected from Ficus Cave near Polokwane. 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod Salmonella -6 0 0   
Amphipod Salmonella -5 0 0   
Amphipod Salmonella -4 0 0   
Amphipod Salmonella -3 0 0   
Amphipod Salmonella -2 0 0   
Amphipod Salmonella -1 0 0   
Amphipod Salmonella 1mℓ 0 0 0 0 per 1mℓ 
Amphipod Salmonella (-)BLANK 0 0   
Amphipod Salmonella +CONTROL + +   
Amphipod Salmonella SALINE 0 0   
Soil Salmonella -6 0 0   
Soil Salmonella -5 0 0   
Soil Salmonella -4 0 0   
Soil Salmonella -3 0 0   
Soil Salmonella -2 0 0   
Soil Salmonella -1 0 1   
Soil Salmonella 1mℓ 2 2 2 200 per 100mℓ 
Soil Salmonella 10mℓ > >   
Soil Salmonella 100mℓ > >   
Soil Salmonella (-)BLANK 0 0   
Soil Salmonella +CONTROL + +   
Soil Salmonella SALINE 0 0   
Water Salmonella -6 0 0   
Water Salmonella -5 0 0   
Water Salmonella -4 0 0   
Water Salmonella -3 0 0   
Water Salmonella -2 0 0   
Water Salmonella -1 0 0   
Water Salmonella 1mℓ 0 0   
Water Salmonella 10mℓ 0 0   
Water Salmonella 100mℓ 0 3 3 3 per 100mℓ 
Water Salmonella (-)BLANK 0 0   
Water Salmonella +CONTROL + +   
Water Salmonella SALINE 0 0   
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Table 4.49: Detection of Salmonella spp. in amphipod, soil, and water samples 
collected from Koelenhof Cave in the Kromdraai Conservancy. 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod Salmonella -6 0 0   
Amphipod Salmonella -5 0 0   
Amphipod Salmonella -4 0 0   
Amphipod Salmonella -3 0 0   
Amphipod Salmonella -2 0 0   
Amphipod Salmonella -1 1 0   
Amphipod Salmonella 1mℓ 3 1 2 2 per 1mℓ 
Amphipod Salmonella (-)BLANK 0 0   
Amphipod Salmonella +CONTROL + +   
Amphipod Salmonella SALINE 0 0   
Soil Salmonella -6 0 0   
Soil Salmonella -5 0 0   
Soil Salmonella -4 0 0   
Soil Salmonella -3 0 0   
Soil Salmonella -2 0 0   
Soil Salmonella -1 0 0   
Soil Salmonella 1mℓ 0 1   
Soil Salmonella 10mℓ 1 1   
Soil Salmonella 100mℓ 9 5 7 7 per 100mℓ 
Soil Salmonella (-)BLANK 0 0   
Soil Salmonella +CONTROL + +   
Soil Salmonella SALINE 0 0   
Water Salmonella -6 0 0   
Water Salmonella -5 0 0   
Water Salmonella -4 0 0   
Water Salmonella -3 0 0   
Water Salmonella -2 0 0   
Water Salmonella -1 1 0   
Water Salmonella 1mℓ 3 3   
Water Salmonella 10mℓ 5 4   
Water Salmonella 100mℓ 134 86 110 110 per 100mℓ 
Water Salmonella (-)BLANK 0 0   
Water Salmonella +CONTROL + +   
Water Salmonella SALINE 0 0   
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Table 4.50: Detection of Salmonella spp. in amphipod, soil, and water samples 
collected from Peppercorn’s Cave near Polokwane. 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod Salmonella -6 0 0   
Amphipod Salmonella -5 0 0   
Amphipod Salmonella -4 0 0   
Amphipod Salmonella -3 0 0   
Amphipod Salmonella -2 0 0   
Amphipod Salmonella -1 0 0   
Amphipod Salmonella 1mℓ 0 0 0 0 per 1mℓ 
Amphipod Salmonella (-)BLANK 0 0   
Amphipod Salmonella +CONTROL + +   
Amphipod Salmonella SALINE 0 0   
Soil Salmonella -6 0 0   
Soil Salmonella -5 0 0   
Soil Salmonella -4 0 0   
Soil Salmonella -3 0 0   
Soil Salmonella -2 0 0   
Soil Salmonella -1 0 0   
Soil Salmonella 1mℓ 9 7 8 800 per 100mℓ 
Soil Salmonella 10mℓ > >   
Soil Salmonella 100mℓ > >   
Soil Salmonella (-)BLANK 0 0   
Soil Salmonella +CONTROL + +   
Soil Salmonella SALINE 0 0   
Water Salmonella -6 0 0   
Water Salmonella -5 0 0   
Water Salmonella -4 0 0   
Water Salmonella -3 0 0   
Water Salmonella -2 0 0   
Water Salmonella -1 0 0   
Water Salmonella 1mℓ 1 0   
Water Salmonella 10mℓ 0 1   
Water Salmonella 100mℓ 2 2 4 4 per 100mℓ 
Water Salmonella (-)BLANK 0 0   
Water Salmonella +CONTROL + +   
Water Salmonella SALINE 0 0   
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Table 4.51: Detection of Salmonella spp. in amphipod, soil, and water samples 
collected from Sterkfontein Cave in the Kromdraai Conservancy. 
 
 
 
 
 
 
 
SAMPLE METHOD DILUTION 
COLONIES PER 
DILUTION (DUPLICATE) AVERAGE FINAL COUNT
Amphipod Salmonella -6 0 0   
Amphipod Salmonella -5 0 0   
Amphipod Salmonella -4 0 0   
Amphipod Salmonella -3 0 0   
Amphipod Salmonella -2 0 0   
Amphipod Salmonella -1 0 0   
Amphipod Salmonella 1mℓ 4 0 2 2 per 1mℓ 
Amphipod Salmonella (-)BLANK 0 0   
Amphipod Salmonella +CONTROL + +   
Amphipod Salmonella SALINE 0 0   
Soil Salmonella -6 0 0   
Soil Salmonella -5 0 0   
Soil Salmonella -4 0 0   
Soil Salmonella -3 0 0   
Soil Salmonella -2 0 0   
Soil Salmonella -1 0 0   
Soil Salmonella 1mℓ 0 0   
Soil Salmonella 10mℓ  1   
Soil Salmonella 100mℓ 1 1 1 1 per 100mℓ 
Soil Salmonella (-)BLANK 0 0   
Soil Salmonella +CONTROL + +   
Soil Salmonella SALINE 0 0   
Water Salmonella -6 0 0   
Water Salmonella -5 0 0   
Water Salmonella -4 0 0   
Water Salmonella -3 0 0   
Water Salmonella -2 0 0   
Water Salmonella -1 0 0   
Water Salmonella 1mℓ 1 0   
Water Salmonella 10mℓ 2 2   
Water Salmonella 100mℓ 30 44 37 37 per 100mℓ 
Water Salmonella (-)BLANK 0 0   
Water Salmonella +CONTROL + +   
Water Salmonella SALINE 0 0   
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Figure 4.54: Positive control for Salmonella spp. 
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CHAPTER 5 
DISCUSSION 
 
5.1 FIELD STUDIES 
 
When studying or observing any organism in its natural habitat, it is essential to 
include as many different sampling sites as possible. In this study five different 
sampling sites, namely Koelenhof Cave, Sterkfontein Cave, Ficus Cave, 
Peppercorn’s Cave, and Irene Cave, were chosen (Table 4.1). 
 
Koelenhof Cave is situated in a valley on a privately owned farm within the 
Cradle of Humankind World Heritage Site (COHWHS). The cave is located on 
top of a hill and passes under a broad area of upland karst containing livestock 
farmland. The main entrance to the cave is a large gaping hole in the ground. 
The circumference of the main cave entrance is overgrown with thick bush, and 
lush trees, and the only way into the cave through the main entrance is to abseil 
down into it. The underground lake is located 90m underground, and amphipods 
are relatively abundant. Within the cave only two bats were observed, and only a 
few dispersed bat droppings were detected. Surface runoff from rainstorms wash 
cow faeces, twigs, and leaves down into the cave. 
 
Sterkfontein Cave, also located in the COHWHS, is utilized for guided cave tours, 
and is visited by thousands of national and international tourists per month. The 
entrance to the cave is easily accessible, and to make the tours through the cave 
more efficient, the cave is permanently illuminated with artificial lighting. The 
water is relatively clear, but on closer inspection a layer of white calcite crystals 
were detected on the surface of the underground lake (found 60m underground), 
and amphipods are far less abundant then in Koelenhof Cave. Only three bats, 
and very little bat faeces was observed. 
CHAPTER 5 
 
 
 
156
 
Ficus Cave and Peppercorn’s Cave are located between Polokwane and 
Makopane within 200m from each other. Both of the caves pass under an 
expansive area of upland karst containing livestock farmland, crops and rural 
settlements. Peppercorn’s Cave is found in a valley, surrounded by large trees, 
and has a huge, easily accessible entrance hall. It has been observed that the 
water from the underground lake, found approximately 30m underground, is often 
used for irrigation of rural farmlands. The cave is frequented by farm animals, 
such as goats, that on occasion drown in the underground lake. One bat was 
observed, and numerous amphipods were found clinging to the edges of the 
deep water pool. Surface runoff from rainstorms washes livestock faeces, twigs, 
branches and leaves down into the cave. Ficus Cave is situated in a crevice on 
the side of the bottom of a cliff. The underground lake is approximately 50m 
underground, and aquatic cave-dwelling amphipods are highly abundant. 
Hundreds of bats and copious amounts of bat faeces were detected. Amphipods 
were observed clinging to leaves, twigs and bat faeces dust floating in the 
underground lake. 
 
Irene Cave is situated in Irene south of Pretoria. A varying number of bats, as 
well as copious amounts of bat faeces was observed. The water is relatively 
clear, but on closer inspection a red oxide substance was detected on the bottom 
of the underground lake (approximately 30m underground). This substance is 
released from the rusting of metal drums dumped into the cave. The large cave-
dwelling amphipods were easily detected and were found browsing on the 
surface of the metal drums. When studying the various cave-dwelling amphipods, 
it was noted that the amphipods collected from Irene Cave were much larger in 
size when compared with the amphipods collected from the other four caves. 
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5.2 ENVIRONMENTAL ROOM STUDIES 
 
In order to study an organism outside of its natural environment, the 
environmental room where the studies will be carried out must be set up in such 
a way as to mimic the organisms’ natural environment. 
 
The purpose of mimicking the amphipods natural habitat within an environmental 
room situation is to reduce the stress on the amphipods brought about during 
capture, transportation and storage. In this way the fatality rate of the amphipods 
within the environmental room is also kept to a minimum. 
 
Since cave-dwelling amphipods are adapted to survival in complete and utter 
darkness, in groundwater with temperatures ranging from 16°C to 20°C, the 
environmental room was kept in complete darkness and the temperature was 
maintained at a constant 18°C. 
 
The long term adaptability and survival of the amphipods under aquarium 
conditions proved to be successful. The amphipods quickly adapted to the 
conditions within the environmental room. They survived in the tanks (Figure 
3.2), within the environmental room for the entire duration of this study with a 
mortality rate of only two amphipods per tank. 
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5.3 STUDIES OF THE MOUTHPARTS OF SOUTH AFRICAN CAVE-
DWELLING AMPHIPODS  
 
In order to establish the feeding behaviour of cave-dwelling amphipods it is 
essential to observe the mouthparts (Figure 4.1) of the amphipods. The various 
structures making up the mouthparts of the amphipods are an indication of what 
the amphipods are feeding on. Since amphipods possess mouthparts that serve 
a cutting and tearing function, such as one pair of mandibles (Figure 4.4) and two 
pairs of maxillae (Figure 4.6 and 4.8) one can assume that they are not primarily 
filter feeders. 
 
 
5.4  HISTOLOGY OF THE GASTROINTESTINAL TRACT (GIT), AND 
THE USE OF HISTOCHEMISTRY IN DETERMINING THE GUT 
CONTENTS OF AMPHIPODS 
 
5.4.1  General morphology and orientation of the GIT was established using 
histology 
 
Histological techniques were carried out to establish the general morphology and 
orientation of the gastrointestinal tract. In order to establish the exact position of 
the GIT within the amphipod, two different staining techniques were employed. 
Following the AZAN staining method (Figures 4.18 and 4.19) and the PAS, 
Hematoxylin, and Fast Green staining technique (Figures 4.20 and 4.21), it was 
determined that the GIT is situated beneath the heart (located middorsally) and 
midgut ceca, and extends the entire length of the amphipods body. On closer 
inspection of the GIT it was established that the brown particles within the gut 
were sediment particles. 
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The PAS, Hematoxylin, and Fast Green staining technique often produces a pink 
to shocking pink colour reaction within the tissues of the organism under study. 
This reaction is called a PAS positive reaction, and many tissues and 
substances, namely mucous, glycogen, starch, cellulose, chitin, collagen, fibrin, 
and cartilage matrix, show a PAS positive reaction following staining with the 
PAS, Hematoxylin, and Fast Green staining technique. 
 
After performing the PAS, Hematoxylin, and Fast Green staining technique, a 
PAS positive reaction (Figures 4.22, 4.23 and 4.24) was noted within the gut 
contents of the amphipod samples. It has already been established that many 
different tissues show PAS positive reactions and therefore it was decided to 
carry out additional histochemical tests to determine what substances, other then 
sediment particles, are present in the gastrointestinal tract of cave-dwelling 
amphipods. 
 
5.4.2  The use of histochemistry in determining the constituents of the GIT 
contents  
 
According to Lewis (2001) examination of the gut contents of an Illinois cave 
amphipod revealed a light brown amorphous mass. The possibility that this 
material could be a combination of clay particles and mucous, should be 
considered. 
  
To determine whether mucous was present in the gastrointestinal tract of the 
cave-dwelling amphipod in this study, a fluorescent staining method was 
employed. A reddish-orange fluorescence was observed (Figure 4.25), thereby 
indicating the presence of mucous in the GIT. 
 
Tracheal sections were used as controls due to the fact that the epithelium lining 
the trachea contains mucous secreting cells. These mucous secreting cells 
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secrete mucous directly into the lumen of the trachea, and will therefore undergo 
a reddish-orange colour change when subjected to the Fluorescent staining 
technique. However, when the mucous secreting cells are exposed to the PAS, 
Hematoxylin, and Fast Green staining technique the resulting colour change is 
bright pink to purple. 
 
Following the mucous removal test, a PAS positive reaction (Figure 4.26) was yet 
again observed within the gut contents of the amphipods. Therefore it is apparent 
that there are one or more additional substances, other then mucous, producing 
a PAS positive reaction within the GIT of the amphipods. 
 
Glycogen is not present in the epithelium lining the trachea, nor is glycogen 
secreted into the lumen of the trachea, and for this reason tracheal sections were 
not used during the glycogen removal process. After both glycogen and starch 
removal, followed by the application of the PAS, Hematoxylin and Fast Green 
staining technique, a PAS positive reaction (Figure 4.27) was again observed 
within the gut contents of the amphipods. 
 
Further tests were not undertaken to determine whether glycogen and starch are 
in fact present within the GIT of the amphipods, and therefore glycogen and 
starch can neither be included nor excluded as substances found within the gut 
of the amphipod samples. However, if glycogen and starch were broken down by 
the application of human saliva, then cellulose or perhaps another 
substance/substances, other then mucous, may be present and responsible for 
the PAS positive reaction seen in the gut of the cave amphipods. 
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5.5  FEEDING BEHAVIOUR OF SOUTH AFRICAN CAVE-DWELLING 
AMPHIPODS 
 
According to Pennak (1978), amphipods feed on all kinds of animal and plant 
matter, and it was also suggested by Bärlocher and Kendrick (1973b) that fungi 
was an important food source, since densities of cave invertebrates were found 
to be correlated with fungal populations. 
 
The primary purpose of this study was to determine what cave-dwelling 
amphipods feed on, since the food source on which amphipods depend was not 
directly observable in the environments frequented by the amphipods. 
 
In this particular study several feeding experiments were successfully carried out 
in order to determine what cave-dwelling amphipods from the four selected cave 
sites feed on. 
 
A number of variables, such as the life stage and health of the selected 
amphipods, need to be considered when carrying out all of the feeding 
experiments. The life stages (i.e. the various ages) of the selected amphipods 
were not known. There is no documented information regarding the life span of 
the cave-dwelling amphipods collected from the four caves in this study. 
 
5.5.1  Starvation of amphipods 
 
The purpose of the first feeding experiment (Table 4.2) was to determine how 
long the amphipods could survive without a food source. Under aquarium 
conditions the maximum survival rate of a cave-dwelling amphipod without the 
addition of a food source was 60 days. 
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The faecal matter, produced by the amphipods, was removed on a weekly basis. 
However, the bacteria that grows on the faecal matter, multiplies and disperses 
through the medium. The faecal matter may be removed, but the bacteria remain 
behind in the medium. Kostalos and Seymour (1976) have shown that many 
invertebrate species as well as some fish are capable of subsisting on bacterial 
diets for long periods of time. It is possible that the bacteria in the medium was 
ingested by the amphipods and inadvertently used as a food source enabling the 
amphipods to survive. 
 
5.5.2  Bat faeces, leaf litter, sediment, and yeast as food sources for 
amphipods 
 
Amphipods are omnivorous, general scavengers and feed on all kinds of animal 
and plant material (Pennak, 1953 and 1978). 
 
Four different substances, namely bat faeces (Figure 4.28), leaf litter (Figure 
4.30), sediment (Figure 4.32) and yeast (Figure 4.34), were selected as potential 
food sources for cave-dwelling amphipods. 
 
An amphipod can be sustained on 1g of bat faeces for a maximum of 40 days 
versus only 19 days in 3.5g of bat faeces (Table 4.3). It would appear that the 
greater the amount of bat faeces per 200mℓ of medium, the lower the survival 
rate. This could be due to a decrease in the oxygen concentration (Table 4.5), 
since an increase in TDS (Table 4.4) lowers the oxygen concentration. 
 
One gram of leaf litter can sustain an amphipod for 127 days, whereas 3.5g of 
leaf litter sustains an amphipod for just 28 days (Table 4.7). As the TDS 
increases (Table 4.8), the available oxygen concentration decreases (Table 4.9), 
thereby affecting the survival rate of the amphipod. 
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When bacteria are present in high concentrations they can have a direct impact 
on organisms, by causing infections, or can indirectly affect cave dwellers like the 
Illinois cave amphipod by using up the dissolved oxygen in the water column 
either directly or indirectly as they decompose matter on the streambed (Bade, et 
al. 2002). 
 
Bärlocher and Kendrick (1973b) suggested that fungi was an important food 
source, since densities of cave invertebrates were found to be correlated with 
fungal populations. Gammarus pseudolimnaeus exhibited greater weight gain 
when offered leaves with fungal colonies present than on leaves with only 
bacteria or autoclaved leaves (Bärlocher and Kendrick, 1973b). 
 
Results of laboratory feeding experiments showed significant differences in 
survivorship of Gammarus minus. Ten different diet combinations over a 10 week 
period were employed. The highest level of survivorship was recorded on fungus 
enriched leaves; intermediate rates were obtained for leaves with a viable 
bacterial flora and leaves on which the microflora had been killed. Low survival 
rates were recorded on sterile leaves and leaves with reduced microflora. 
Overall, Gammarus showed a preference for those diets affording the best 
survivorship in the feeding experiments. While not conclusive, it appears as 
though the mycoflora is a major factor underlying the food habits of Gammarus 
minus (Kostalos and Seymour, 1976). 
 
Digestive enzyme activities of three talitrid amphipods were examined to 
investigate the relationship between their digestive capabilities and diet. It is 
possible that leaf litter is partially digested prior to ingestion by bacteria and fungi 
present on the rotting vegetation, with bacterial and fungal enzymes contributing 
to this species’ ability to hydrolyse its diet. This study confirms the relationship 
between dietary preference and digestive enzyme complement (Johnston, et al. 
2004). 
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Although amphipods are scavengers, in feeding experiments two and three, it 
was established that leaf litter was the preferred food source for cave-dwelling 
amphipods, since amphipods fed on leaf litter showed a higher degree of 
survivorship then amphipods fed on bat faeces, sediment or yeast. The partially 
degraded leaves within the mass of collected leaf litter were not tested for the 
presence of any bacteria, fungal colonies or fungal spores, and therefore it 
cannot simply be deduced that the cave-dwelling amphipods in this study were 
feeding on fungi present on the leaf litter. It can also not be concluded that 
bacterial and fungal enzymes contribute to the amphipods ability to break down 
leaf litter once it has been ingested. 
 
In comparison to the results obtained for 1g of bat faeces and 1g of leaf litter, 
0.01g of sediment, and 0.01g of yeast produce a higher survival rate of 50 days 
(Table 4.11) and 29 days (Table 4.15) respectively. An amphipod can only 
survive for 38 days in 1g of sediment, and 3 days in 1g of yeast. As the TDS 
increases (Tables 4.12 and 4.16), the available oxygen concentration decreases 
(Tables 4.13 and 4.17), thereby affecting the survival rate of the amphipod. 
Bacterial films around each of the individual sediment particles may also be 
responsible for the decrease in the oxygen concentration. 
 
The most commonly used yeast is Saccharomyces cerevisiae, which was 
domesticated for wine, bread, and beer production thousands of years ago. 
Yeasts are single-celled fungi, and either have obligately aerobic or facultatively 
anaerobic physiology. Yeast can reproduce asexually through budding or 
sexually through the formation of ascospores (Wikipedia, 2006). 
 
When yeast is added to the medium it immediately sinks to the bottom of the 
bottle and begins to dissolve and disperse through the medium. The temperature 
of the medium is a relatively constant 19°C, and perhaps provides the yeast with 
the perfect opportunity to become activated. If this is the case and the yeast is 
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activated shortly after its addition to the medium, it will begin to utilize the 
dissolved oxygen within the medium, thereby decreasing the concentration of 
dissolved oxygen available for use by the amphipods. This may be the main 
contributing factor to the short period of survival of amphipods feeding on yeast 
compared with amphipods feeding on bat faeces, leaf litter or sediment. 
However, the activation of yeast may also result in the reproduction of the yeast. 
Due to the size of the individual yeast cells it is possible that the yeast enters the 
body of the amphipods through the amphipods’ gills, and this way begins to 
utilize the amphipod as a food source thereby reducing the survival rate of the 
amphipods. 
 
5.5.3  0.04g of bat faeces, 0.04g of leaf litter, 0.04g of sediment, and 0.04g of 
yeast as a food source for amphipods over a period of 36 days 
 
According to the results obtained in experiment three (Table 4.19), 0.04g of bat 
faeces, leaf litter, sediment and yeast can sustain amphipods for a period of 35 
days. Overall, leaf litter proved to be the preferred food source, while the average 
survivorship of amphipods fed on yeast was only 17 days. 
 
5.5.4  Twenty four hour study 
 
In experiment four (Table 4.20) the weight of all 27 amphipods was recorded 
after gut clearing, and again a) 24 hours; b) 48 hours; and c) 72 after the addition 
of the various substances. The aim was to determine if bat faeces, leaf litter, 
sediment and yeast were ingested by the amphipods. After 24 hours most of the 
amphipods did experience an increase in weight. Results indicated that 
amphipods fed on bat faeces and yeast only showed a slight weight increase 
versus amphipods fed on leaf litter and sediment. The weight of the control 
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amphipod remained the same, verifying that the various substances were 
ingested by the other amphipods. 
 
After 48 hours the amphipods did experience an increase in weight. However an 
additional 24 hours made very little difference to the amount of substance 
ingested by the amphipods. The weight of the control amphipod remained the 
same, verifying that the various substances were ingested by the other 
amphipods. 
 
After 72 hours the amphipods did experience an increase in weight. However, it 
was established that whether the amphipods were given 24, 48, or 72 hours to 
feed on the various substances the time frame made very little difference to the 
amount of substance ingested by the amphipods. According to the results 
obtained the amphipods do not continuously feed on the various substances. 
Instead, they only appear to ingest a small amount of substance. This could be 
due to the fact that amphipods have a low metabolism and have adapted to 
sparse amounts of food found in their environment (The Edwards aquifer 
website, 1998), and therefore take a relatively long time to digest just a small 
amount of food. 
 
5.5.5  Extraction of amphipod gut contents, to determine if bat faeces, leaf 
litter, sediment, and yeast were ingested 
 
The aim of feeding experiment five was to determine if bat faeces (Figure 4.35), 
leaf litter (Figure 4.37), sediment (Figure 4.39) and yeast were in fact ingested by 
the amphipods. The gut content of each individual amphipod was observed 
under the microscope and compared with the actual test substances (namely, bat 
faeces, leaf litter, sediment, and yeast). When comparing the gut content of the 
amphipods with the actual test substances, it was determined that amphipods do 
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ingest bat faeces (Figure 4.36), leaf litter (Figure 4.38), sediment (Figure 4.40) 
and yeast (Figure 4.41). 
 
According to the results obtained for the various feeding experiments, it can be 
concluded that amphipods are scavengers, and will make use of bat faeces, leaf 
litter, sediment, and yeast as a food source. 
 
5.5.6  Predation, cannibalism, and scavenging in amphipods 
 
Armsby and Tisch (2006) stated that body size differences can impact the 
strength and type of interaction among and within species. Intraguild predation 
was asymmetrical, with primarily Jassa marmorata preying on Apocorophium 
acutum (with little predation by A. acutum on J. marmorata). Intraguild predation 
increased significantly as body size difference increased. Cannibalism in J. 
marmorata was only significant among individuals of different body sizes. 
 
Large Irene Cave amphipods readily attack, kill and feed on smaller Ficus Cave 
amphipods (Figures 4.42, 4.43 and 4.44). The length of the body of an Irene 
Cave amphipod is approximately twice as long, and the body mass of an Irene 
Cave amphipod is approximately 10 times that of any of the amphipods collected 
from Ficus, Peppercorn’s or Sterkfontein Caves. These results therefore 
correlate with the results obtained by Armsby and Tisch (2006). However, it was 
also established that small Ficus Cave amphipods will also attack, kill and feed 
on other Ficus Cave amphipods of approximately equal body mass and size 
(Figures 4.45, 4.46 and 4.47). 
 
In this particular study it was determined that amphipods are scavengers, 
predators and cannibals. They will feed on their living (Figure 4.44 and 4.47), 
dead (Figure 4.42 and 4.45) and injured (Figure 4.43 and 4.46) counterparts. 
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Since there are no large aquatic organisms present to prey on them, they are the 
top predators within the four selected caves, and that would explain their display 
of evasive behaviour. 
 
 
5.6 THE USE OF MICROBIOLOGY IN DETERMINING THE 
CONSTITUENTS OF THE GUT CONTENTS OF CAVE-DWELLING 
AMPHIPODS 
 
Research in the Illinois area has shown that the springs, caves, and surface 
water of the Illinois Sinkhole Plain contain relatively high levels of bacteria. 
Faecal bacteria present in these waters are typical of bacterial populations 
normally present in soils and surface waters, and of bacteria that probably 
originated from native wildlife wastes, livestock wastes, and possibly effluent 
from private septic systems. Total aerobic (TA), total coliform (TC), faecal 
coliform (FC), and faecal Streptococcus bacteria were isolated from all water 
samples from springs and caves in the Illinois area. 
 
Bacteria in high levels can directly impact on organisms through infections, or 
can indirectly affect cave dwellers like the Illinois cave amphipod by depleting the 
dissolved oxygen in the water column either directly or indirectly as it 
decomposes on the streambed (Bade, et al. 2002). 
 
5.6.1  Heterotrophic (Standard) Plate Count (Pour plate method) 
 
The Heterotrophic Plate Count (Figure 4.48) previously known as the Standard 
Plate Count or Total Plate Count was used to determine the number of viable 
(culturable) heterotrophic bacteria (Clearceri, et al. 1989) within the gut of the 
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amphipods as well as in the water and sediment from the amphipods surrounding 
environment collected from Ficus (Table 4.23), Koelenhof (Table 4.24), 
Peppercorn’s (Table 4.25), and Sterkfontein Caves (Table 4.26). The bacteria 
from a Heterotrophic Plate Count are not identified to genus or species level. 
Instead, the organisms that develop into colonies on the agar plates represent a 
portion of the total population of bacteria in the amphipod, sediment or water 
samples. This portion contains the bacteria that grow in the prescribed time in the 
specific environment provided. 
 
The highest Heterotrophic Plate Count (Table 4.23) was 520 bacterial colonies 
per 1mℓ of amphipod gut content obtained from Ficus Cave in Polokwane. The 
more food available the greater the numbers of amphipods that will be attracted 
to the underground lake and thus the resulting high number of bacterial colonies 
could be due to the large abundance of food (i.e. dried bat guano floating on the 
surface of the underground lake) compared with the scarcity of food in the 
underground lakes of Koelenhof, Peppercorn’s and Sterkfontein Caves. 
 
The amphipods collected from Peppercorn’s Cave were not surface dwelling 
amphipods. The lack of surface dwelling amphipods within Peppercorn’s Cave 
during the sampling trips could have been due to the low number of bats and bat 
faeces present in Peppercorn’s Cave. Historically large numbers of surface 
dwelling amphipods were detected in the underground lake of Peppercorn’s 
Cave during the same period that large numbers of bats frequented the cave. 
The presence of large numbers of surface dwelling amphipods at that time could 
have been due to the copious amounts of bat guano entering the underground 
lake (Durand, 2004). 
 
For 1mℓ soil, and water samples the highest Heterotrophic Plate Count (Table 
4.26) was obtained for Sterkfontein Cave and was 16000 colonies and 3900 
colonies respectively. The high Heterotrophic Plate Count may be due to the fact 
that Sterkfontein Cave is located in the COHWHS, and is utilized for guided cave 
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tours. Bacteria occurs in all environments in varying numbers and since this cave 
is visited by thousands of people per month, the people may be carrying and 
transferring large numbers of bacteria from the surface into the subsurface cave 
environment. Durand (2006) states that all the households in the COHWHS have 
septic tanks and/or pit latrines which in addition to guano present in some caves 
would greatly contribute to the faecal coliform count. 
 
5.6.2  Total Coliforms (Membrane filtration procedure) 
 
The presence of total coliforms, faecal coliforms, and Escherichia coli in the 
water are all indicators of drinking water quality. The total coliform group is a 
large collection of different kinds of bacteria that are present in the environment 
and are generally harmless (American Public Health Association, 2006). Total 
coliforms include all aerobic and facultative anaerobic, gram-negative, non-spore 
forming, rod-shaped bacteria. The presence of coliform bacteria indicates that 
pollution has occurred which can be associated with faecal contamination from 
man or other warm blooded animals (Clearceri, et al. 1989; American Public 
Health Association, 2006; Public Health – Benton Franklin Health District, 2006). 
 
No coliform bacteria were identified in the gut of any amphipod sample from any 
of the four selected caves. The highest total coliform count (Figure 4.49) obtained 
for a soil sample from Koelenhof Cave was 18500 colonies per 100mℓ, and for a 
water sample was 6250mℓ (Table 4.28). As was stated previously in this chapter 
Koelenhof Cave is situated in a valley on a privately owned farm within the 
COHWHS. The cave is located on top of a hill and passes under a broad area of 
upland karst containing livestock farmland. The reason for the high numbers of 
coliform bacteria could be due to surface runoff from rainstorms that washes cow 
faeces, down into the cave. 
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5.6.3  Faecal Coliforms (Membrane filtration procedure) 
 
Faecal coliform bacteria are a sub-group of the total coliform group, and are all 
aerobic and facultative anaerobic gram-negative, non-spore forming, rod-shaped 
bacteria. Since the total coliforms encompass the faecal coliforms, the presence 
of faecal coliform bacteria indicates that pollution has occurred which can be 
associated with faecal contamination from man or other warm blooded animals 
(Clearceri, et al. 1989; American Public Health Association, 2006). 
 
Faecal coliform bacteria were not present in the gut of any amphipod sample 
from any of the four selected caves. The highest faecal coliform count (Figure 
4.50) obtained for a soil sample from Koelenhof Cave was 40 colonies per 
100mℓ, and for a water sample was 78mℓ (Table 4.32). Since the total coliforms 
encompass the faecal coliforms, the results obtained for the faecal coliform 
counts correlate with the results obtained for the total coliform counts. 
 
5.6.4  Confirmatory test for Escherichia coli 
 
Escherichia coli is one of the main species of bacteria that live in the lower 
intestines of mammals. The bacteria are necessary for the proper digestion of 
food and are part of the intestinal flora (Answers.com – Answers corporation, 
2006; Wikipedia, 2006). E. coli is a subgroup of the faecal coliform group, and 
therefore the presence of E. coli bacteria indicates that pollution has occurred 
which can be associated with faecal contamination from man or other warm 
blooded animals (American Public Health Association, 2006; Answers.com – 
Answers corporation,2006; Wikipedia, 2006). 
 
The highest E coli count (Table 4.35) was obtained for a soil sample and water 
sample from Koelenhof Cave. Since E. coil is a faecal coliform, the results 
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obtained for the E. coli colony counts correlate with the results obtained for the 
faecal coliform counts. 
 
5.6.5 Faecal Streptococci/Enterococci (Membrane filtration procedure) 
 
Streptococcus is a genus of spherical, both pathogenic and commensal gram-
positive bacteria of the Phylum Firmicutes. Streptococci are part of the normal 
commensal flora of the mouth, skin, intestine, and upper respiratory tract of 
humans. Many former Group D streptococci have been reclassified and placed in 
the genus Enterococcus. For example, Streptococcus faecalis (i.e. Faecal 
Streptococcus) is now Enterococcus faecalis. The remaining non-enterococcal 
Group D strains include S. bovis and S. suis. Streptococcus bovis is a gram-
positive bacterium, commonly found in the alimentary tract of cows, sheep, and 
other ruminants (Fischetti, 1995; Wikipedia, 2006). 
 
The highest faecal Streptococcus count (Figure 4.52) obtained for a water 
sample from Koelenhof Cave was 53 colonies per 100mℓ (Table 4.37), and for a 
soil sample from Peppercorn’s Cave was 645 colonies per 100mℓ (Table 4.38). 
 
As was previously stated Koelenhof Cave is located on top of a hill and is part of 
a broad area of upland karst containing livestock farmland. Surface runoff from 
rainstorms washes cow faeces down into the cave. It is also possible that 
Koelenhof Cave contains a septic tank which may be leaching into the 
surrounding groundwater, although this is not conclusive. 
 
Peppercorn’s Cave passes under an expansive area of upland karst containing 
livestock farmland, crops and rural settlements. The cave is frequented by farm 
animals, such as goats, and surface runoff from rainstorms washes livestock 
faeces, and perhaps even faeces from the rural settlers, down into the cave. 
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Bacteria would thus inevitably seep into the groundwater from the surface as well 
as from the pit latrines. 
 
5.6.6  Clostridium (Membrane filtration procedure) 
 
Members of the genus Clostridium are anaerobic, gram-positive, spore-forming 
bacilli. These motile bacteria are ubiquitous in nature and are especially fond of 
soil. Four broad types of pathogenesis are associated with Clostridium: Histotoxic 
group (e.g. C. perfringens, and C. septicum) that cause tissue infections; 
Enterotoxigenic group (e.g. C. perfringens type A; C. perfringens type C; and C. 
difficile) that cause gastrointestinal disease; Tetanus (e.g. C. tetani - neurotoxin); 
Botulism (e.g. C. botulinum - neurotoxin) (Department of Health and Human 
Services, 2005a; Wikipedia, 2006). 
 
Clostridium bacteria were not present in the gut of any amphipod sample from 
any of the four selected caves. The highest Clostridium count obtained for a soil 
sample from Ficus Cave was 1200 colonies per 100mℓ (Table 4.40), and for a 
water sample from Sterkfontein Cave was 1.5 colonies per 100mℓ (Table 4.43). 
Since the Clostridium present in the caves was not identified to species level, it is 
not possible to determine how the Clostridium spp. entered the cave systems or 
whether the Clostridium spp. could have a detrimental effect on any of the cave-
dwelling organisms. 
 
5.6.7  Pseudomonas (Membrane filtration procedure) 
 
Morphologically, members of the genus Pseudomonas may be described as 
gram-negative, non-spore forming, aerobic, straight or slightly curved rods. They 
are typically motile by means of one or more polar flagella. A significant number 
can produce exopolysaccharides that are known as slime layers (Todar, 2004; 
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Wikipedia, 2006). The bacterial genus Pseudomonas includes plant pathogenic 
bacteria such as P. syringae, the opportunistic human pathogen P. aeruginosa, 
the ubiquitous soil bacterium P. putida, and some species that are known to 
cause spoilage of unpasteurised milk and other dairy products. The 
Pseudomonads are metabolically diverse, can consequently colonise a wide 
range of niches, and are generally perceived to be agents of spoilage and 
degradation (Wikipedia, 2006). 
 
The highest Pseudomonas count (Figure 4.53) obtained for an amphipod sample 
from Ficus Cave was 30 colonies per 1mℓ (Table 4.44), for a soil sample from 
Ficus Cave was 445000 colonies per 100mℓ (Table 4.44), and for a water sample 
from Sterkfontein Cave was 470000 colonies per 100mℓ (Table 4.47). According 
to the reference cited in the above paragraph Pseudomonads are metabolically 
diverse, and can consequently colonise a wide range of niches. However, since 
the Pseudomonas present in the caves was not identified to species level, it is 
not possible to determine precisely how the Pseudomonas spp. entered the cave 
systems or whether the Pseudomonas spp. could have a detrimental effect on 
any of the cave-dwelling organisms. 
 
5.6.8  Detection of Salmonella spp. (Presence / Absence) 
 
The Salmonella species of bacterium are rod-shaped, motile, non-spore forming, 
gram-negative bacilli responsible for three clinical syndromes: enteric fevers; 
salmonellosis; salmonella osteomyelitis (Wikipedia, 2006). Both humans and 
animals can be infected by Salmonella. Humans and animals can also serve as 
carriers of Salmonella. Both carriers and infected humans and animals excrete 
Salmonella into the environment. As a result, these organisms may be found in 
domestic sewage, treated sewage effluents, agricultural runoff, streams, rivers 
and soil. Salmonella spp. may be detected only when a small number of indicator 
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organisms are present (Burger, 1988; Department of Health and Human 
Services, 2005b). 
 
The highest Samonella count (Figure 4.54) obtained for an amphipod sample 
from Koelenhof and Sterkfontein Caves was 2 colonies per 1mℓ (Tables 4.49 and 
4.51), for a soil sample from Peppercorn’s Cave was 800 colonies per 100mℓ 
(Table 4.50), and for a water sample from Koelenhof Cave was.110 colonies per 
100mℓ (Table 4.49). As was stated in this chapter, surface runoff from rainstorms 
washes livestock faeces down into Koelenhof and Peppercorn’s Caves. 
 
According to Burger (1988) both carriers and infected humans and animals 
excrete Salmonella into the environment. However, like Clostridium and 
Pseudomonas, the Salmonella present in the caves was not identified to species 
level, and therefore it is not possible to determine exactly how the Salmonella 
spp. entered the cave systems or whether the Salmonella spp. could have a 
detrimental effect on any of the cave-dwelling organisms. 
 
Cave and karst systems are vitally important since the overwhelming majority of 
the nation’s freshwater resources is groundwater. About 25% of the groundwater 
is located in cave and karst regions. The protection and management of these 
vital water resources are critical to public health and to sustainable economic 
development. As identified by the National Geographic society, water resources 
are a critical concern as society enters the twenty-first century (U.S National Park 
Service, 2002). 
 
According to the South African Water Quality Guidelines, water that is used for 
domestic purposes (i.e. human consumption) may contain 0 – 5 total coliform 
colonies per 100mℓ of water, but may not contain any faecal coliforms. Water 
used for livestock consumption may contain 0 – 200 faecal coliform colonies per 
100mℓ of water. 
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Recreational water guidelines concerning faecal Streptococcus is *40/100mℓ (*in 
50% of samples) and also **<35/100mℓ (**geometrical mean of not less than 5 
samples evenly spread over a 30 day period) (SABS 221-1990 and SABS 241-
1984). 
 
The water samples collected from Ficus Cave, Koelenhof Cave, Peppercorn’s 
Cave, and Sterkfontein Cave all contained faecal coliforms and also contained 
more then 5 total coliform colonies per 100mℓ of water. Therefore, according to 
the South African Bureau of Standards, the quality of the water contained within 
all four of the caves in this study does not follow the stipulated guidelines and 
may not be used for human consumption prior to undergoing various purification 
processes. 
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CHAPTER 6 
CONCLUSIONS AND RECOMMENDATIONS 
 
Cave and karst systems are important for two major reasons. First, the 
overwhelming majority of the freshwater resources are groundwater. About 25% 
of the groundwater is located in cave and karst regions. The protection and 
management of these vital water resources are critical to public health and to 
sustainable economic development. Second, caves are storehouses of 
information on natural resources and evolution. Therefore, many avenues of 
research can be pursued in caves (U.S. National Park Service, 2002). 
 
Karst ecology and the study of cave-dwelling organisms is a relatively unexplored 
and new area of focus in this country, and therefore this study forms part of a 
much larger interlinked project on the biology and ecology of cave-dwelling 
amphipods. 
 
When studying or observing any organism in its natural habitat, it is essential to 
include as many different sampling sites as possible for the purpose of 
comparison between various sites. For this study three caves within Gauteng, 
and two caves situated in Polokwane were identified as comparable sampling 
sites. Here, the recommendation would be, to identify as many comparable 
sampling sites as possible within the region of Gauteng only. 
 
In order to establish the feeding behaviour of cave-dwelling amphipods it is 
essential to observe the mouthparts of the amphipods. This was successfully 
accomplished through the use of scanning electron microscopy. It has however 
also been suggested that the mouthparts be studied in much greater detail. This 
could be achieved by completely dissecting out all of the mouthparts of many 
amphipod samples from different sampling sites, and then studying and making 
line drawings of all of the individual mouthparts using a compound microscope. 
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To determine whether mucous is present in the gastrointestinal tract of cave-
dwelling amphipods histochemistry was applied, and the desired results were 
obtained. However, a cut off point was reached where further histochemical 
techniques were not carried out. Procedures could not be undertaken to 
determine whether glycogen and starch are in fact present within the GIT of the 
amphipods, and therefore glycogen and starch can neither be included nor 
excluded as substances found within the gut of the amphipod samples. A 
recommendation would be to complete as many additional histochemical 
procedures as possible to further broaden our knowledge of the feeding habits of 
South African cave-dwelling amphipods. 
 
In order to establish the role amphipods play in ecology, it is essential to study 
their feeding habits. The food source on which amphipods depend was not 
directly observable in the environments frequented by the amphipods. Therefore 
the primary purpose of this study was to determine what cave-dwelling 
amphipods feed on in order to obtain energy for their continued survival. 
 
Serial sections of the gastrointestinal tract of a number of amphipod samples 
from the four selected caves in this particular study exhibited only grains of 
sediment and no observable food particles. Kostalos and Seymour (1976) have 
shown through laboratory rearing experiments that many invertebrate species as 
well as some fish are capable of surviving on bacterial diets for long periods of 
time. It is then possible that upon ingesting the sediment the amphipods in this 
study inadvertently made use of the bacterial films surrounding each individual 
sediment particle. In addition it is also a possibility that the amphipods 
inadvertently ingested and made use of the layer of degrading material found on 
top of the sediment forming the floor of the underground lake. 
 
Although amphipods are scavengers, in feeding experiments two and three of 
this study, it was established that leaf litter was the preferred food source for 
cave-dwelling amphipods, since amphipods fed on leaf litter showed a higher 
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degree of survivorship then amphipods fed on bat faeces, sediment or yeast. The 
partially degraded leaves within the mass of collected leaf litter were not tested 
for the presence of any bacteria, fungal colonies or fungal spores, and therefore 
it cannot simply be deduced that the cave-dwelling amphipods in this study were 
feeding on fungi present on the leaf litter. It can also not be concluded that 
bacterial and fungal enzymes contribute to the amphipods ability to break down 
leaf litter once it has been ingested. 
 
It is recommended to continue observing the feeding behaviour of cave-dwelling 
amphipods, and to expand the study area to include experiments that can be 
used to test for the presence of bacteria and fungi on leaves that may well serve 
as a food source for the amphipods. The digestive enzyme activities of the 
various cave-dwelling amphipods collected from sampling sites in Gauteng 
should also be examined to investigate the relationship between their digestive 
capabilities and diet. 
 
During collection of amphipods it was observed that the amphipods display 
evasive behaviour. The question then arose – Why do they display evasive 
behaviour if there are no larger aquatic organisms such as fish, present to prey 
on them? In this particular study it was determined that amphipods are 
scavengers, predators and cannibals. The resulting food pyramid displays 
amphipods at the bottom and in the middle of the pyramid as scavengers, with all 
kinds of animal and plant matter being consumed. Since there are no large 
aquatic organisms present to prey upon the amphipods, they also fill the top level 
of the food pyramid as the top predators within the four selected caves, which is 
most likely the reason as to why they display evasive behaviour. 
 
Water from the surrounding area finds its way into groundwater which feeds cave 
streams where the amphipod and other cave-dwelling species are found. 
Groundwater quality can be affected by use of pesticides and fertilizers on 
surrounding lands, accidental or intentional dumping of toxic substances in 
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sinkholes, and sewage contamination from septic systems, sewage disposal 
systems, or land fills in Gauteng and the Limpopo Province (Durand, 2006). 
 
Microbiology provides a basic platform for the initial identification and 
confirmation of a small number of bacteria. There is however a large number of 
bacteria that are highly selective and therefore more in-depth microbiological 
analyses need to be explored. Molecular DNA technology may be the vital tool 
necessary to complete these analyses. Molecular DNA technology is the most 
accurate method for identification of all kinds of bacteria, but it involves very 
costly, lengthy and time consuming processes. It is recommended to pursue the 
desired results by undertaking the Molecular DNA analyses as well as performing 
additional Microbiological and Histological test procedures. 
 
Use of caves by humans can have significant detrimental effects on caves. 
Biological resources that are threatened include, but are not limited, to several 
species of endangered bats, ferns, and lichens. Especially vulnerable are cave-
adapted invertebrates. Very little is known about many of these species that 
evaluation of population stability, adversities from current and past human 
activities, and probabilities for species survival cannot be assessed without 
further inventories and monitoring (U.S. National Park Service, 2002). 
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